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PREFACE TO THE SERIES 


In the course of nearly everj'' program of research in organic chemistry 
the investigator finds it necessaiy to use several of the better-known 
synthetic reactions. To discover the optimum conditions for the appli- 
cation of even the most familiar one to a compound not previously 
subjected to the reaction often requires an extensive search of the liter- 
ature; even then a series of experiments may be necessary. When the 
results of the investigation are published, the synthesis, which may 
have required months of work, is usually described without comment. 
The background of knowledge and experience gained in the literature 
search and experimentation is thus lost to those who subsequently have 
occasion to apply the general method. The student of preparative or- 
ganic chemistry faces similar difficulties. The textbooks and labora- 
tory manuals furnish numerous examples of the application of various 
syntheses but only rare y do they convey an accurate conception of the 
scope and usefulness of the processes. 


For many years American organic chemists have discussed these prob- 
lems The plan of compiling ™t, cal discussions of the more important 
reactions thus was evolved. The volumes of Or,unic Reaoliom are col- 
lections of chapters each devoted to a ^ngi, 

of a reaction, of wide applicability. The aiuVim.. u , . 

vi have had experience 

with the processes surveyed, the subiects ar^ r , 

.. . •. J a- , ^ presented from the pre- 
parative viewpoint, and particular attention is given t r • • ' 

terfering influences, effects of structure, and the selpfrln,? imitations, m 

techniques. Each chapter includes several detailed pro ^ 

ing the significant modifications of the method. Most 

dures have been found satisfactory by the author or one*^ proce 

but unlike those in Organic Syntheses they have not b ^ ° editors, 

careful testing in two or more laboratories. When all subjected to 

of the reaction are not mentioned in the text, tables are^""^ example.^ 

compounds which have been prepared by or subjected to list 

Every effort has been made to include in the tables all reaction- 

and references; however, because of the very nature of tb^ 

cussed and their frequent use as one of the several steps 

which not all of the intermediates have been isolated, s Syntheses 

may well have been missed. Nevertheless, the investiaa* in.stanc^ 
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to use the tables and their accompamdng bibliographies in place of most 
or all of the literature search so often required. 

Because of the systematic arrangement of the material in the chapters 
and the entries in the tables, users of the books will be able to find in- 
formation desired by reference to the table of contents of the appropriate 
chapter. In the interest of economy the entries in the indices have been 
kept to a minimum, and, in particular, the compounds listed in the tables 
are not repeated in the indices. 

The success of this publication, which will appear periodically, de- 
pends upon the cooperation of organic chemists and their willingness to 
devote time and effort to the preparation of the chapters. They have 
manifested their interest already by the almost unanimous acceptance 
of invitations to contribute to the work. The editors will welcome their 
continued interest and their suggestions for improvements in Organic 
Reactions. 
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INTROtCOCTION 

H. V. Pechmann found that coumarin derivatives are 
malic acid ' or 3-hetonic esters * are condensed with pheno ^ 
presence of concentrated sulfuric acid. This reaction, which is 
monly known as the Pechmann reaction, has found extensive y 
cation. 

HOj^OH COjH HO 

CHjCHfOHlCOiH 

hoOoh,c.h.^» hoQ^o 

CHs 

Simonis and his co-workers used phosphorus pentoxide ns th 
condensing agent in place of sulfuric acid and demonstrated that witn 
the same reactants chromones rather than couraarins resulted. 

HOCCH, 

OH ■^CH 

+ i 

CzHgO^C 

shown later, however, that chromones were not always the reaction 
products. The condensation of a phenol and 0-ketonic ester in the pres- 
ence of phosphorus pentoxide is sometimes called the Simonis reaction, 

' T. Ptchnvir.n. Br-.. 17, B29 (1S51). 

’ Pf-V.TT'.ir.n and Dubberc. Btr., 16, 2119 (1BS3) 

• ».-.d SircorUj. Brr.. 16, 20U (1913), 
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but it is actually merely a variation of the Pechmann reaction and will 
be so considered in this chapter. Other condensing agents that have 
been used are phosphorus oxychloride, phosphoric acid, zinc chloride, 
aluminum chloride, hydrogen chloride, ferric chloride, stannic chloride, 
titanic chloride, sodium acetate, sodium ethoxide, and boric anhydride. 

By condensing appropriately substituted phenols and jS-ketonic 
esters, coumarins can be synthesized with substituents either in the 
benzene nucleus or in the heterocyclic ring or in both. These compounds 
can then be used for the preparation of other products like coumarino- 
a-pyrones, coumarino-y-pyrones, furocoumarins, chromenes, couma- 
rones, and 2-acylresorcinols.® The Pechmann reaction has also been 
employed in the syntheses of several naturally occurring coumarins ’ 
and in the investigations of natural products like rotenone * and canna- 
binol.®'*” 

The course of this reaction depends on all of the three factors: the 
nature of the phenol, the nature of the /3-ketonic ester, and the con- 
densing agent. 


MECHANISMS OF THE REACTIONS 

Condensation of Malic Acid with Phenols. The condensation of 
malic acid with phenols takes place according to Pechmann ‘ in three 
stages. The malic acid is first converted into malonaldehydic acid and 
formic acid, which is decomposed into water and carbon monoxide. 

HOjCCHfOHlCHjCOzH ->• HCO2H + CHOCH2CO2H 

In the second stage, the union of the aldehyde with the phenol results in 
the formation of an unstable addition product. Two molecules of ivater 
are then eliminated, and the coumarin derivative is formed. Malon- 
aldehydic acid contains a carbonyl group in the /3 position and resembles 
ethyl acetoacetate in its reaction with a phenol to give a coumarin. 


+ CHOCH2CO2H > 


r^^OH 

CH(0H)CH2C02H 



-1- 2Hp,0 


• Sethna and Shah, Chem. Revs., 36, 30 (1945). 

’ Spath, Ber., 70A. 83 (1937). 

® Bridga, Crocker, Cubin, and Robertson, J*. Chem. Soc., 1937, 1630. 

• Ghosh, Todd, and Wilkinson, J. Chem. Soc., 1940, 1121. 

Adams and Baker, J. Am. Chem. Soc., 62, 2405 (1940), 
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Cond»s.tion ol P-Ketonic Esters mO. Phenols 
formation of cou.narms from S-kotomc oslem ».l '*7 ' ^ ^ 
and Dnishorl-- sOEECsted that the roaeltvc hy.ltocon of ' ^ ' 7 

the 0 , 11,0 position to the hj-tlroayl grou,, adds nf , "l clLme 
0 -keton\c ester to give an intermediate hydroxy ester (1). R g 
may then take place with the elimination of a molecule of water ana 

one of ethanol. . . r ^,,rh 

Ahmad and Desai" have pointed out that the effectiveness of sue 

condensations depends on the reactivity of the hydrogen in the ortno 



position to the hydroxyl group and on the substituents in the /3-ketonic 
ester. The feeble tendency of phenol itself to condense is enhanced by 
the presence of electron-donating groups such ns CH3, OH, OCH3, Nlio, 
ISlHCHs, H(CH3)2, and halogens in the vieta position to the hydroxyl 
group but is depressed or almost eliminated by electron-attracting groups 
such as NOz,'. SO3H, CO2H, CO2CH3, COCH3, CN, and CHO in the 
same position.^^ Since no intermediates have been isolated this course 
for the reaction is purely speculative. 

A slightly different view has been advanced by Robertson and his 
co-workers.’® , They observed that 2-methoxy-|3,4-dimethylcinnamic 
acid was converted into 4,7-dimethylcQumarin in the presence of 86% 
sulfuric acid and, further, that w-tolyl methyl ether and the dimethyl 
ether of resorcinol gave rise to 4,7-dimethylcoumarin and 7-methoxy-4- 
methylcoumarin, respectively. From this experimental evidence they 
conclude that the cinnamic acid derivative (11) is formed as an inter- 
mediate product. 


D®sal, 'Proc. JndMin Acad. Sci., SA, 6 (1937) [C. A., 32, 659 (1938)1. 
Desai and Ekhlas, Proc. Indian' Acad. Set., 8A, 567 (1938) [C. A., 33, 3366 (1939)1. 
Kobertaon, Watera, and Jones, J. Chem. Soc., 1932, 1681. 
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H3C 


f^OCHg 

I.^C=CIIC02H 

CH3 





H3C 


0CH3 

+ CH3COCH2C02C2H5 


Two different mechanisms for chromone formation have been nrn 
posed. Robertson and his co-workers suggest that tlie first statre in f I 
reaction results in a phenoxy acid (or its ester) by the interaction of the 
enohc form of the ester and phenol with the remnir,.! e , ' 

wter. , The phenoxy derivative then unde Jes ring “eZ'Tt 

In support of this meehanism they cite the synlhcsi, „I 


chromone. 


0 “ 


+ 


HOCCH3 

5 h 


C2H5O2C 






chromones from phenoxyfumaric acid and /^-pheno-xyp; 

Ruhemann and co-workers.*) . , . ^njic aejrj by 

According to Ahmad and Desai,** in the formation of ft ' 
reactive hydrogen of the phenolic hydroxyl reacts ivitfi tfip the 

/S-ketonic ester to give an aryl ester of the acid (III). t.he 

based on the evidence that only those phenols that xs 

reactive hydrogen ortho to the hydrox3d group give a 

presence of phosphorus pentoxide as condensing agent 
then undergoes an isomeric change analogous to' the p 
forming an o-hydroxybenzoylacetdne (IV) which is 
chromone derivative (V). They assume the tranef/)^"*^*^''^ 
possible in view of the work of Schonberg' and kfutj 
rearrangements with phosphorus pentoxide. . They ' 
the specific action of phosphorus pentoxide is to facilitg.^f'" 


to 
to r.e 




Ruhemann and co-workers, J. Chem. jSoc., 77, 984, 1119 (Ioqq 
S chonberg and Mustafa, J. Chem, Soc.j 1943, 79. ^'*5^ iy 
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of III or IV or both since the conversion of IV into V may 
plished with the help of any dehydrating agent. The forma 


COCH3 


iOCHa 


r^^OH 

k^COCHaCOCHa 

IV 

intermediate diketone IV in the syntheses of chromones by the Kos- 
tanecki acylation of o-hydroxyketones has been proved by Baker.*® 
Formation of 5-Hydroxycoumarin Derivatives in Presence of An- 
hydrous Aluminum Chloride. The formation of 5 -hydroxycoumarin 
derivatives in the condensations of resacetophenone, 4-nitroresorcinol, 
and methyl |3-resorcylate in preference to the 7-hydroxycoumarin 
derivatives is obviously due to the greater reactivity of the usually 
inaccessible 2-position of the resorcinol nucleus in these compounds. 
Shah and Shah ** have explained this on the basis of chelation between 
the hydroxyl group and the orfho-substituted group, thus fixing the 
double bonds.*®' *®'*"’ The point of attack is consequently the carbon 
atom joined by a double bond to that bearing the other hydroxyl group; 
resacetophenone and ethyl acetoacetate condense with the formation of 
5-hydroxy-6-acetyl-4-methylcoumarin. The formation of a 5-hydroxy- 
coumarin from methyl (3-resorcylate and d-nitroresorcinol in the presence 
of aluminum chloride can be explained similarly. 

ch 3 cC 3 °^ CH3COCH3CO3C3H3 
'0 OS 

Baker *® believes that aluminum chloride may prevent chelation; but, 
since 5-hydroxycoumarins are formed mainly or exclusively in good 
yields in the above condensations, it appears that this reagent not only 
fails to prevent chelation but may even promote it, for other condensing 

” Baker, J. Chem. Soc., 1933, 1381. 

” Shah and Shah, J. Chem. Soc., 1938, 1424. 

Mills and Nixon, J. Chem. Soc., 1930, 2510. 

’’ Baker, J. Chem. Soc., 1934, 1684. 

” Baker and Lothian, J. Chem. Soc., 1935, 628. 
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agents generally produce derivatives of 7-hydroxycoumarin. This view 
also finds support in the work on the formylation of methyl /3-resor- 
cylate'^* and 4-acylresorcinols; the Gattermann reaction in the 
presence of anhydrous aluminum chloride in dry ether leads to formyl- 
ation in the 2 position, in the case of resacetophenone yielding 2-formyl- 
resacetophenone . 

SCOPE AND LIMITATIONS 

The reactivity of the various simple and substituted phenols and 
/3-ketonic esters in the Pechmann reaction, with sulfuric acid as the 
condensing agent, will be discussed first, and the role of the condensing 
agents second. 

Reactivity of Phenols. It is found that, of the simple mono-, di-, and 
tri-hydric phenols, resorcinol is the most reactive, and it condenses with 
many substituted and cyclic /3-ketonic esters. Almost equal in reactivity 
are phloroglucinol, a-naphthol, and pyrogallol. Phenol, quinol, and 
/3-naphthol, however, usually give low yields of products. Phenol, for 
example, gives only about a 3% yield of 4-methylcoumarin on con- 
densation with ethyl acetoacetate in the presence of sulfuric acid,*^ 
and it does not condense at all with many other /3-ketonic esters. .Cate- 
chol does not condense even with ethyl acetoacetate. 

Among the substituted phenols it is found that the reactivity depends 
both on the nature and on the position of the substituent in the phenol. 
Alkyl groups in general have very little inhibiting effect in the Pechmann 
reaction; halogens exert somewhat more. When substituents like the 
nitro and the carboxyl groups are present, the reactions may not take 
place at all.^®'^® This is exemplified by the non-reactivity of o-, m-, or 
p-nitrophenol and simple phenol carboxylic acids with ethyl acetoacetate 
and other /3-ketonic esters. The rate and degree to which a coumarin is 
produced depend, however, on the position of the substituent. m-Cresol 
condenses very readily with ethyl acetoacetate and a number of other 
,S-ketonic esters,^’’^® p-cresol less readily,*-^® and o-cresol not at all, even 
with ethyl acetoacetate.^® m- and p-Chlorophenols react with ethyl 
acetoacetate, but o-chlorophenol does not react.®^ m-Dimethylamino- 
phenol condenses with acetonedicarboxylic acid, but the ortho and para 

Shah and Laiwala, J* Cfiem. Soc., 1938, 1828. 

” Shah and Shah, J. Chem. Soc., 1939, 132. 

” Shah and Shah, J. Chem. Soc., 1940, 245. 

Pechmann and Kraft, Ber., 34, 421 (1901). 

^ Clayton, J. Chem. Soc., 93, 2016 (1908). 

® Dey, J. Chem. Soc., 107, 1606 (1915). 

^ Fries and Klostermann, Ber., 39, 871 (1906). 

^ Fries and Klostermann, Ann., 362, 1 (1908). 

^ Chakravarti, J. Indian Chem. Soc., 9, 31 (1932). 
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compounds are inert.^^ Thus in many monohydric phenols a subs^Uient 
in the orlho position has the maximum inhibiting effect, less if the sam 
substituent is in the para position, and least when it is in the r 

^°The influence of substituents in the resorcinol nucleus on the Pech- 
mann reaction has been investigated. In molecules where substituen s 
in the 4 position cause the reaction to take place with some difficulty, t le 
same substituents in the 2 position have less effect. Resorcinols wit i 
alkyl groups in the 2 or 4 position react as readily as resorcinol. Even 
4-hexadecylresorcinol condenses smoothly with ethyl acetoacetate in the 
presence of sulfuric acid.=“ Alkyl groups in the 5 position chanp the 
course of the reaction, and, instead of the 7-hydroxycouinarin de- 
rivatives, the 5-hydrox'y isomers are obtained; an exception is in the 
condensation with malic acid. Thus orcinol“’”'“ and other 5-alkyl- 
resorcinols with ethyl acetoacetate and other /3-ketonic esters give 
5-hydroxycoumarin derivatives. Orcinol with malic acid gives a 
7-hydroxycoumarin.^®''"’' * 


+ CHaCOCHaCOzCaHj 




+ HOsCCHjCHOHCOgH 


4-Chlororesorcinol condenses smoothly with a number of jS-ketonic 
esters like ethyl a-alkylacetoacetates, ethyl benzoylacetate, and diethyl 

™ Chudgar and Shah, J. Univ. Bombay, 13, Pt. 3, 18 (1944) [C. j4., 39, 4078 (1945)]. 

« Krishnaswamy, Rao, and Seshadri, Proc. Indian Acad. Sri., 19A, 5 (1944) [C. A., 
39, 1153 (1945)]. 

^ Pechmann and Hancke, Ber., 34, 354 (1901). 

“ Chakravarti, J. Indian Chem. Soc., 8, 407 (1931). 

” Shah and Shah, J . Indian Chem. Soc., 19, 481 (1942), 

624 (m^P’ “"“I P^oc- Indian Acad. Sri,, IBA, 441 (1942) [C. A., 37, 

“Russell, Todd, Wilkinson, Macdonald, and WooUe.J. Chem Soc 1941 169 

-Russell, Todd, Wilkinson, Macdonald, and Woolfe', /. CW SoZ “ti: 8^6: 

Adams, Loeu-e, Jehnek, and WolfE, J. Am. Chem. Soc.. 63, 1971 (1941) 

“ Pechmann and W^elsh, Ber., 17, 1646 (1884). 

“I Sastry, J. Indian Chem. Soc., 19, 403 (1942) ' 

7-hydroxyA,5.dimethylcoumarin-8-carboxylic acid formed f 

Unmacidudthethylacetoacetate. Sethna and Shah, ritdlfch^B^^^^^^^ 
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The capacity of hydroquinone to undergo the Pec^ann reaction is 
not great, men a chlorine atom is present in the hydroquinone _ 
reaction takes place even less readily, and the presence of ^ “roimne 
atom or acetyl group prevents the reaction completely. On the otn 
hand, greater reactivity is observed when a methyl or ethyl group i 
substituted in the hydroquinone. 2-Methyl- and 2 -ethyl-hydroquinone 
form coumarins with ethyl benzoylacetate and ethyl ^ a-alkylace o 
acetates; but quinacetophenone and 2-bromohydroquinone do no 
condense even with ethyl acetoacetate, and 2-chlorohydroquinone reac s 
with difficulty. Hydroquinone, its 2-chloro- and 2 -bromo-derivative^ 
and quinacetophenone do not condense with ethyl benzoylacetate. 

Of the trihydroxy compounds, 4-ethylpyrogallol and ethyl pyrogallo 
carboxylate condense readily with ethyl acetoacetate, ethyl a-alky - 
acetoacetates, and ethyl benzoylacetate. Gallic acid, its methyl an 
ethyl esters, pyrogallolcarboxylic acid, and gallacetophenone do not 
undergo the coumarin condensation with these same j3-ketonic esters. 

Phloroglucinol and many of its derivatives, methylphloroglucinol,® 
dimethylphloroglucinol,*® methyl phloroglucinolcarboxylate,^® phloro- 
acetophenone, and phlorobenzophenone give coumarins with ethyl 
acetoacetate. The reaction with other |3-ketonic esters has not been 
studied. 

1,2,4-Triacetoxybenzene and ethyl acetoacetate in the presence of 
75% sulfuric acid condense to give 6,7-dihydroxy-4-methylcoumarin.®° 
No condensation of a substituted 1,2,4-trihydroxybenzene with a 
P-ketonic ester has been reported. 

a-Naphthol derivatives with chlorine or bromine in the 4 position 
react with ethyl a-alkylacetoacetates and other ;3-ketonic esters like 
ethyl benzoylacetate, diethyl acetonedicarboxylate, and diethyl ace- 
tosuccinate. 4-Bromo-a-naphthol appears to be less reactive than 
4-chloro-a-naphthol.“ In the condensation of 4-acetyl-, 4-propionyl-, 
and -l-butyrj’l-a-naphthol with ^-ketonic esters, the acyl group is elim- 
inated.'- Substituted |3-naphthols have not been studied. 

Attempts to condense cyclohexanol and dimethyl dihydroresorcinol 
with acetonedicarboxj’lic acid did not succeed."^ 

Certain miscellaneous compounds not included in the previous dis- 
ciLssion liave been condensed with malic acid and jS-ketonic esters in 
the presence of sulfuric acid. Resorcinol and other polyhydroxyphenols 


“ and Mavn.'ii, Proc. Indian Acad. Sri.. 15A, 11 (1942) (C. A., 36, 6151 
« rZt! --irad- Sri.. 15A. 1 (1942) [C. A., 36. 6150 C 

'.“‘I d. CS.fm. Soc. Japan. 65. 1013 119341 ir 4 ao ams 


(1942)]. 
(1942)1. 

„ . •J'opan. 65. 1013 (1934) (C. A.. 29, 4008 (1935)]. 

® 'I- 35, 6948 (1941)1. 

' l.' .. O-j. Si-.!!.,,,, 45 

*■ ChakravarU and BacaH. J. Indian Chem. Soc.. 13, 649 (1936). 
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will not react satisfactorily with two molecules of ethyl acetoacetate 
or malic acid simultaneously, but the pure hydroxycoumarins formed by 
the condensation of one molecule of ethyl acetoacetate or malic acid 
will react with a second molecule of ethyl acetoacetate or malic acid to 
produce coumarino-a-pyrones.'^“ The condensation of hydroxycou- 
marins with malic acid takes place more readily than with ethyl ace- 
toacetate, though the condensation of many simpler aromatic hydroxy 
compounds with malic acid is more difficult than with ethyl aceto- 
acetate. The dihydroxycoumarins derived from pyrogallol and ethyl 
acetoacetate will react with malic acid but not with ethyl aceto- 
acetate. 

Hydroxychromones do not undergo condensation with malic acid.®^ 

Hydroxythiophene derivatives react with /3-ketonic esters to yield 
thiocoumarin derivatives.®*’®® 



+ CH3COCH2CO2C2HB 



Reactivity of Malic, Maleic, and Fumaric Acids. The condensation 
of malic acid with phenols leads to coumarins which are unsubstituted 
in the pyrone ring. This procedure is therefore an alternative method 
for the synthesis of coumarins that are difficult to obtain by Perkin’s 
method from o-hydroxy aromatic aldehydes. There are, however, 
limitations in the preparation of coumarins by this method: malic acid 
does not condense with many substituted phenols, and, when it does 
condense, the yields are often low and tarry products are obtained. 
Malic acid condenses only in the presence of sulfuric acid; other con- 
densing agents fail. 

Fumaric and maleic acids have been found to condense with p-cresol 
in the presence of sulfuric acid to give 6-methylcoumarin in good 
yield.®’’®® The encouraging results in this condensation justify a more 

Rangaswami and Seshadri, Proc, InditiTi Acad, Sci.t 6A. 112 (1937) {C. A., 32. 559 
(1938)]. 

“ Sen and Chakravarti, J. Indian Chem. Soc., 6, 793 (1929). 

64 Hangaswami and Seshadri. Proc. Indian Acad, Sci., 9A, 7 (1939) [C. A,, 33. 4244 
(1939)]. 

66 Mentzer Billet. Molho. and Dat Xuong. Bull. soc. chim. France, 12. 161 (1945) 
[C. A., 40, 865 (1946)]. 

'6 Mentzer and Billet. Bull. soc. chim. France, 12. 292 (1945) [C. A., 40. 2828 
(1946)]. 

6^ Pondorff. Ger. pat. 338.737 (1921) [C. A., 16, 3488 (1922)]. 

66 Thompson and Edee, J. Am. Chem. Soc., 47, 2556 (1925) 
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of the condensation of these acids with other 




CH-CO2H 

CH-COjH 



Reactivity of p-Ketonic Esters. Ethyl acetoacetatc probab 3 
denses in its enol form with the phenols. / 3 -Kctonic esters 1 
stituents likely to increase the enolization or stabilize the eno ic 
should therefore be more active than cth3'l acetoacetate, and those \ 
substituents that tend to decrease the enolization or lead to a less s a 
enol form should be less reactive. Substituents in a / 3 -ketonic estei nm 3 
be attached to the a-carbon atom or the 7-carbon atom, and they pro^ 1 ^ 
a means of obtaining coumarins with different substituents in ic 
heterocyclic ring. Cyclic / 3 -ketonic esters, and /3-kctonic esters ' 
heterocyclic rings, have also been condensed with phenols. The re 
activities of these esters differ ver5' widely. 

Ethyl a-chloroacetoacetate has been condensed with a number 0 
phenols to yield 3 -chlorocoumarins.^'’’’’^®’'® The condensation witi 
this ester is smooth and the reactions closely parallel those with cthy 
acetoacetate. The corresponding a-bromo ester has not been studied. 

In ethyl a-alkyl- and a-aryl-acetoacetates the reactivit3’’ varies with 
the nature of the a substituent. With methyl, ethyl, propyl, but3d, allyl, 
phenyl, and benzyl groups as a substituents the condensation with re- 
active phenols is satisfactory, but with less reactive phenols the 3delds 
are generally poor and the condensation may be inhibited completely. 
Thus with m-cresol the a-ethyl derivative of ethyl acetoacetate gives a 
poorer yield than the a-methyl derivative; a-propyl- and a-phenyl- 
acetoacetates do not react.^’-^® Ethyl a-allylacetoacetate, however, 
condenses with m-cresol easily.'"’ P-Eaphthol does not react with eth3d 
a-ethyl-, a-propyl-, or a-isopropyl-acetoacetate.'*' Ethyl a-(a-h3'- 
droxy-^,| 3 ,| 3 -trichloroethyl)acetoacetate with various phenols gives 
satisfactory results.’”’'''®''’* Thus the presence of a heavy a substituent 
CH(OH)CCl3 does not appreciably inhibit the Pechmann reac- 
tion and has less effect than an a-ethyl substituent. 

The Pechmann reaction of diethyl acetosuccinate and diethyl aceto- 


Chakravarti and Banerjee, J. Indian Chem. Soc., 13, 619 (1936). 

” Naik, Desai, and Desai, J. Indian Chem. Soc., 6, 83 (1929). 

" Chakravarti, J. Indian Chem. Soc., 9, 389 (1932) . 

Kulkarni, Alimchandani, and Shah, J. Indian Chem. Soc., 18, 113 (1941). 

Kulkarni, Alimchandani, and Shah, J. Irxdian Chem. Soc., 18, 123 (1941). 

<Shah and Kulkarni, J. Unit. Bombay, 10 (pt. 3). 86 (1941) [C. A., 38, 3796 (1942)] 
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glutarate, which have — CH2CO2C2H5 and — CH2CH2CO2C2H5 as sub- 
stituents in the a position, with various phenols has been systematically 
studied. Diethyl acetosuccinate condenses with very reactive phenols 
and also wth m-cresol, 2 -acetyl, 2 -benzoyl-, and 4 -chloro-resorcinol, and 
4 -chloro-a-naphthol, but not with phenol, o-cresol, p-cresol, hydro- 
quinone, catechol, 4 -chlorophenol, jS-resorcylic acid, resacetophenone, 
or gallic acid.®"*’^^’ The presence of a carbethoxyalkyl group as a 
substituent in the /8-ketonic ester results in a molecule of greater re- 
activity than one in which an alkyl substituent is present; diethyl aceto- 
succinate is as reactive as or even more reactive than the corresponding 
ethyl a-alkylacetoacetates. Similar observations have been made with 
diethyl a-acetoglutarate.^’ With substituents such as cyano or aceto 
the condensation takes place with the elimination of the group and the 
formation of the unsubstituted coumarin.®^’^®’’® 

Other a-substituted ethyl acetoacetates that have been studied are 
ethyl o-carboxybenzylacetoacetate,^® ethyl phthalylacetoacetate,'^® ethyl 
benzoylacetoacetate,’^'^® diethyl acetylmalonate,®^ and ethyl diacetyl- 
acetate.®^ The first two have been condensed with resorcinol and a few 
other reactive phenols in the presence of dry hydrogen chloride in acetic 
acid to form coumarin derivatives. When ethyl benzoylacetoacetate and 
ethyl diacetylacetate react with resorcinol, the acetyl group is removed 
during condensation and the same coumarins result as are formed with 
ethyl benzoylacetate and ethyl acetoacetate, respectively. Diethyl 
acetylmalonate reacts ^vith the loss of a carbethoxyl group to give the 
same coumarin as that obtained by the use of ethyl acetoacetate. 

A number of ; 3 -ketonic esters with groups other than methyl in the 
7 position have been condensed with phenols. Ethyl butyroacetate,^® 
which may be considered as ethyl 7-ethylacetoacetate, and ethyl 
7-phenylacetoacetate react with resorcinol, orcinol, pyrogallol, phlo- 
roglucinol, and a-naphthol to give 4 -ethy]- and 4 -benzyl-coumarin de- 
rivatives, respectively, but they do not condense with phenol, / 3 -naph- 
thol, hydroquinone, ?n-cresol, methyl / 3 -resorcylate, or resacetophenone. 

A 7 substituent thus reduces the reactivity. 

Acetonedicarboxjdic acid and its diethyl ester have been condensed 
with a number of simple and substituted phenols.^®’''®’ *2 Citric acid gives 


^ Banerjee, J. Indian Chem, Soc., 8, 777 (1931). 

Dey and Sankarnarayan, J. Indian Chem. Soc., 8, 817 (1931). 

”Shah and Shah, Ber., 71, 2075 (1938). 

2* Held, Compt. rend., 116, 720 (1893). 

" BQlow, Ber., 38, 474 (1905). 

Sonn and Litten, Ber., 66, 1512 (1933). 

»' Kotwani, Sethna, and Advam, J. Unit. Bombay, 10 (pt. 5), 143 (1942) (C. A., 37, 
623 (1943)]. 

^ Burton and Pechmann, Ann., 261, 166 (1891)« 
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acetonedicarboxylic acid on heating 

and several workers have therefore preferred to condense 

phenols instead of using pure acetonedicarboxylic acid l^“n , 

phenols, phenol carboxylic acids, and o- and p-aminop leno 

found not to react. Catechol, o- and p-cresol, hydroquinone, / 3 - P ’ 

and methyl |3-resorcylate gave poor yields of the corresponding co . 

but m-cresol, pyrogallol, resorcinol, phloroglucinol, and a-naphtnoi g 
good yields. Thus a molecule with the carboxyl or carbethoxy g P 
in the 7 position of ethyl acetoacetate is more reactive than one wi 

7-ethyl or 7-phenyl substituent. V+hol 

Ethyl 7-bromoacetoacetate and w-cresol, a-naphthol, or p-nap * 
yield 4 -bromomethylcoumarins.“ . , 

Among other /3-ketonic esters which have been condense w 
phenols are ethyl benzoylacetate,^”-’^'^^'^®'®^ ethyl veratroylacetate, 
diethyl benzoylsuccinate,®’ diethyl veratroylsuccinate,®’ diethyl oxa ace 
tate,^®'®*’®® diethvl oxalochloroacetate,^®- diethyl oxalobromoacetate,^ 


tate,®®'®®’®® diethyl oxalochloroacetate,^®- ®® diethyl oxalobromoacetate, 
and ethyl a-formylphenylacetate. With the exception of diethyl oxa 
acetate no systematic study has been made with these esters, and no 
generalizations are therefore possible. Unlike other ^-ketonic ester^ 
diethyl oxalacetate either does not condense or gives poor yields 'With 
certain meJa-substituted phenols but does react more satisfactorily ivith 
certain para-substituted phenols; resorcinol and m-cresol give poor 
yields of coumarins, and orcinol and pyrogallol give no products. Hy- 
droquinone, however, yields the ester of coumarin-4-carboxylic acid. 

Several cyclic ^-ketonic esters like ethyl cyclopentanone-2-car- 
boxylate ®®'^®'®' and its 4 -methyl homolog,^®' *'■ ethyl cyclohexanone 
2-carboxylate®'<®'®®'®«'®® and its q-,*'’-®®-®®'®®’®’ S-jS.io.ss.®®.®®.®® and 6-®®'®’ 
methyl homologs, ethyl 3 , 5 -dimethyl-,®® ethyl 4,5-dimethyl-,®® and 
ethyl 5 , 5 -dimethyl-cyclohexanone- 2 -carboxylate,®® ethyl cyclohepta- 
none- 2 -carboxylate,®® and ethyl trons- 3 -decalone- 3 -carboxylate ®®' ®® have 

“ Dey and Sankarnarayan, J. Indian Chem. Soc., 11, 687 (1934). 

'* Robinson and Turner, J. Chem. Soc., 113, 874 (1918). 

“ Appel, Baker, Hagenbach, and Robinaon. J. Chem. Soc., 1937, 738. 

“ Mitter and Paul, J. Indian Chem. Soc., 8, 271 (1931). 

" Robinson and Rose, J. Chem. Soc., 1933, 1469. 

“ Peohmann and Graeger, Ber., 34, 378 (1901). 

^ Biginelli, Gazz. chim. ital., 24, 491 (1894). 

” Huntress and Oleson, J. Am. Chem. Soc., 70, 2831 (1948) . 

" Abmad and Desai, Proc. Indian Acad. Sci., BA, 277 (1937) [C. A., 31, 5785 (1937)1. 

^ Dieokmann, Ann., 317, 27 (1901). 

” Adams, Smith, and Loewe, J. Am. Chem. Soc., 63, 1973 (1941). 

“ Sen and Basu, J. Indian Chem. Soc., 5, 467 (1928) . 

“Adams and Mecorney, J. Am. Chem. Soc., 66, 802 (1944), 

r. 5®®^’ Sci., 8A, 1 (1938) [C. A., 32, 9065 (1938)]. 

„ ^°°wdh^ and Desai, Proc. Indian Acad. Sci., 8A, 12 (1938) [C. A., 32, 9066 (1938)1 
Adams, Loerve, Theobald, and Smith, J. Am. Chem. Soc., 64, 2653 (1942) 
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been condensed with phenols in the presence of sulfuric acid or phos- 
phorus oxj'cliloride. Chowdliiy and Desai report that the cyclic 
/3-ketonic esters are more reactive than their open-chain analogs. The 
sluggishness of ethyl 6-methylc3fclohexanone-2-carboxylate as compared 
with its 4-meth3'l and S-methjd analogs ma.y be attributed to the steric 
hindrance offered by the methyl group in the orlho position to the enolic 
hydroxyl. 

Heterocj'clic /3-kctonic esters like ethyl chroman-3-one-4-carboxyl- 
ate,®® etlyl S-methoxj--,''® ethyl 3-hydroxy-6,7-dimethoxy-/‘’ and ethyl 
3-hydroxj'-7-metho.xy-A'’-chromene-4-carboxylate,‘’‘’ ethyl /3-couma- 
ranone-2-carbox3’late,''’° ethjd 5-methyI-,'°“ 7-methyl-, and 6-methoxy- 
^-coumaranone-2-carbox}date,*““ and methjd 3-hydroxyindole-2-car- 
boxylate condense with reactive phenols like resorcinol, phloro- 
glucinol, pyrogallol, and 2-isoamylresorcinol in the presence of sulfuric 
acid and hydrogen chloride with fonnation of chromeno- and coumarono- 
coumarins. 

Condensing Agents. The role of the condensing agent in the Pech- 
mann reaction is very important. Condensation between a phenol and a 
/3-ketonic ester that is not brought about in the presence of one con- 
densing agent may be brought about by the presence of another. The 
yields of product with different reagents may vary markedly. Occa- 
sionally one reagent will effect the formation of one type of product and a 
different reagent an entirelj’’ different product. 

Of the several condensing agents tested in place of sulfuric acid, only 
phosphorus pentoxide, phosphorus oxychloride, aluminum chloride, and 
to some extent zinc chloride have yielded results that require discussion. 

Sulfuric Add and Phosphorus Pentoxide. Simonis®’^ condensed 
/?-ketonic esters with phenols in the presence of phosphorus pentoxide 
and reported the formation of chromones exclusively. This conclusion 
was later found to be incorrect since the condensation product of res- 
orcinol and eth 3 d a-methylacetoacetate, to which was assigned the 
structure 7-hydroxy-2,3-dimethylchromone by Simonis and Remmert,® 
was proved by Robertson and his co-workers to be 7-hydroxy- 
3,4-dimethylcoumarin. 

Jacobson and Ghosh condensed various phenols with ethyl a-phenyl- 
and a-benzyl-acetoacetate and with ethyl a-benzylbenzoylacetate in the 
presence of sulfuric acid and reported the products as chromones. 

Hilton, O’Donell, Reed, Robertson, and Rusby, J. Chem. Soc., 1936, 423. 

King, Holland, Reed, and Robertson, J. Chem. Soc., 1948, 1673. 

Canter, Curd, and Robertson, . Chem. Soc., 1931, 1255. 

Jacobson and Ghosh, J. Chem. Soc., 107, 424 (1915). 

Jacobson and Ghosh, J. Chem. Soc., 107, 959 (1915). 

Jacobson and Ghosh, J. Chem. Soc., 107, 1051 (1915), 
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This was due to erroneous inlcrprelation of tlu* rc.sviUs of 

the eondensnUoh products, Kekec--* prove, 1 tl,»t m the tcncl.ot.s 

described by Jacobson and Ghosh only coumanns resulted. ^ 

An extensive study of the two condensing agents sulfuric 
phosphorus pentoxide has been made, especially by Robertson 
and Chakravarti and their co-workci-s. From the results otna 
so far the following generalizations can be made. . . 

1. men sulfuric acid is used as a condensing agent a covimarm _ 
almost always formed. However, /J-niiphtliol and ethyl acetoaoeta c 
the presence of sulfuric acid yield a mixture of a coumarin anc a c^i 
mone in which the coumarin preponderates.'''’ I'rom -l-chloro.^ ,o 
methylphenol and ethyl acetoacetatc a chromone is formed cxclusi^ ^ ' 

2. Phenols like resorcinol, pyrogallol, phloroglucinol, orcinol, aiu 
a-naphthol that react readily in the prc.sence of sulfuric acid also gi' a 
coumarins when phosphorus pentoxide is used as the condensing agent. 

3. Phenols that do not form coumarins at all or form them in poor 
yields with sulfuric acid generally give chromoncs in the presence o 
phosphorus pentoxide. Thus phenol, ‘ o-cresol,* halogcnated 

nitro phenols,^" halogenated and nitro cresols,'’® p-xylenol,"' and d-napb* 
thol,"" which either do not condense in the presence of sulfuric acid or 
condense with difficulty, are found to give chromones in the presence of 
phosphorus pentoxide. Some phenols like catechol, for example, do not 
condense in the presence of either sulfuric acid or phosphorus pentoxide. 

4. With phosphorus pentoxide, chromone formation is favored from 
^-ketonic esters with an a-alkyl substituent. If the substituent is 
large, the condensation may be retarded or completely inhibited, ni- 
Cresol and p-cresol with ethyl acetoacctate in the presence of phosphorus 
pentoxide give the coumarins,"*- but with ethyl a-methyl- and a-ethyl- 
acetoacetate they give chromones.’- Similar results are obtained 
with 4-chloro- and 4-bromo-a-naphthol.’' 

Phosphorus Oxychloride. When Naik, Desai, and Desai ” found that 
a-naphthol did not condense with ethyl a-benzylacetoacetate in the 
presence of sulfuric acid they tried phosphorus oxychloride as con- 
densing agent and succeeded in bringing about a reaction. Since then 
phosphorus oxychloride has been used frequently and in certain cases 

'“Baker, J. Chan. Soc., 127, 2349 (1925). 

'“Baker and Robinson, J. Chan. Soc., 127, 1981 (1925). 

""'1 Robertson. J. Chan. Soc.. 1931, 1877 
109 Hendry, J. Chan. Soc., 1931, 2420 

no Soc., 8, 129 (1931). 

Dey and Latebminarayan, J. Indian Chan. Soc., 9, 149 (1932). 

Simonis and Sebumann, Ber,, 60, 1142 (1917) 

Z Robertson, J. Chan. Soc., 1936, 420 

Robertson and Sandrock, J. Chan. Soc., 1932, 1180. 
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successfully where sulfuric acid has failed. 4-Acylresorcinols and gal- 
lacetophenone do not condense with ethyl acetoacetate in the presence of 
sulfuric acid but condense readily in the presence of phosphorus oxy- 
chloride to give 6-acylcoumarins.*- Ethjd 6-methylcyclohexanone- 
2-carboxylate fails to react with phenols in the presence of sulfuric acid 
but condenses in the presence of phosphorus oxychloride to give the 
expected coumarin derivatives.®’ 

Phosphorus oxychloride frequently gives better yields than sulfuric 
acid. The condensations of resorcinol, pyrogallol, orcinol, and a-naph- 
thol with diethyl acetosuccinate,®^ the condensations of 4-ethyl- and 
4-propyl-resorcinol with ethyl a-(a-hydroxy-iS,/3,)(?-trichloroethyl)aceto- 
acetate,’^ and the condensation of orcinol with ethyl cyclohexanone- 
2-carboxylate ’® may be cited as examples. 

Although in general phosphorus oxychloride gives the same products 
as sulfuric acid, the possibility of chromone formation is not precluded. 

2- Hydroxy-p-xylene gives rise to chromones on condensation with 
ethyl a-alkylacetoacetates and ethyl benzoylacetate in the presence 
of phosphorus oxychloride.’*® 4-Hydroxy-w-xylene with ethyl aceto- 
acetate gives 4,6,8-trimethylcoumarin but with ethyl a-methyl- and 
a-ethyl-acetoacetate yields 2,3,6,8-tetramethyl- and ^ 2,6,8-trimethyl- 

3- ethyl-chromone, respectively.*'® These are the only instances known 
of chromone formation in the presence of phosphorus oxychloride. 
Phosphorus pentoxide gives chromones in each of these reactions. 

■Anhydrous Aluminum Chloride. In exploring the use of other con- 
densing agents for the Pechmann reaction, Sethna, Shah, and Shah 
found that anhydrous aluminum chloride dissolved m dry ether or more 
generally in dry nitrobenzene not only proved to be an efficient con- 
densing agent but also changed the course of some reactions. If the 
4 position in resorcinol is occupied by groups such as carboxyl, car- 
bomethoxyl, acyl, or nitro, the condensation instead of giving the 
7-hydroxycoumarins gives either exclusive y, or mainly , 5-hydroxy- 
eoumarin derivatives. These cannot be prepare or can be prepared 
only with difficulty by any other procedure. 

Resacetophenone and other 4-ac} resoicinos^ a o not condense 
with (9-ketonic esters in the presence o ..u ***''o aci and that giv^e 
7-hydroxy-6-acylcoumarins in the presence o P losp lorus oxychloride 
yield 5-hydroxT-6-acylcoumarins in the presence of an^hydrous aluminum 

chloride.*’.-.- **® The condensation of resacetophenone with ethyl 
«-methylacetoacetate, which cannot be by phosphorus oxy- 

chloride, takes place with etliyl «-methyl- and -cthyl.aeetoacetate L 

*" Deliwala and Shah, J. 21, 175 (1044). 

*« Chudcar and Shah, J. 


18 


ORGANIC REACTIONS 


the presence of aluminum chloride.’’' 2-Acet ylrc.sorcinol and cthj acc o^ 
acetate give the same coumarin and in belter yield than with su uric 
acid.” o-Hydroxj’acetophenone, gallncetophcnonc, quinacclophcnone, 
and resacetophenonc with nitro, carbomcthoxyl, or accto subslitucn s, 
however, do not react with ethyl acctoacctate in the prc.^ence of a umi 


num chloride.”-”’ 


CH 


HOr^^OH 



4-'Nitroresorcinol with ethyl acctoacctate in the presence of sulfuric 
acid yields 7-hydroxy-4-methyl-6-nitrocoumarin,*‘ but in the presence 
of anhydrous aluminum chloride gives o-hvdroxj'-i-mcthyl-O-nitro- 
coumarin.”® 

Methyl 0-resorcylate, which condenses with ethyl acctoacctate in 
the presence of sulfuric acid with formation exclusively of 7 -hydroxy- 
coumarin,®® condenses in the presence of aluminum chloride to give 
mainly the 5-hydroxycoumarin ester and a small quantity of the 7 - 
hydroxy isomer.®’ 


With simple phenols the same coumarins are obtained as with sulfuric 
aci . e jdelds are higher in some cases and lower in others. Phenol 
4-methylcoumarin in 3 % jdeld on condensation with 
e y acetoacetate m the presence of sulfuric acid,” but the same 

“d™ ''' aluminum 

in of methyl ^-resorcylate with ethyl acetoacetate 

acid with ° chloride,®® in the condensation of / 3 -resorcylic 

phosrSors acetoacetate in the presence of 

been isolated in VP . ‘^y’^^xycoumarin derivatives have also 


■" DeUwria “d Shah Pro^ 1^'“" f “w' f"” ^ 

woodrul^ Org. Syntheses, 24, 69 (1944) ' 

War. Rarr,. and Ray. .1. Indian Ch^. Soo.. 23. 365 (1946) 


37, 4379 (1943)1. 

., 36, 7959 (1941)]. 
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Zinc Chloride. Zinc chloride has been employed to a very limited 
extent as a condensing agent.®^’ It does not appear to be superior to 
phosphorus oxychloride. Generally, the same coumarins are obtained as 
with sulfuric acid. From methyl /3-resorcylate and ethyl acetoacetate in 
the presence of zinc chloride as the condensing agent, the 7-hydroxy- 
coumarin is the main product with a very small quantity of the 5-hy- 
droxy coumarin . 

Hydrogen Chloride.^^’ The advantages of hydrogen chloride 

as a condensing agent lie in the avoidance of sulfonation of aromatic 
nuclei, prevention of saponification of the /8-ketonic ester, improved 
yields, and purer products. However, Avhen little or no reaction can be 
effected with sulfuric acid, as in the case of phenol, /J-naphthol, and 
quinol, hydrogen chloride also gives negative results. In the con- 
densation of ethyl a-allylacetoacetate with phenols a molecule of hy- 
drogen chloride adds at the double bond and, instead of 3-alIylcoumarins, 
3,j3-chloropropylcoumarins are obtained.''”' A combination of zinc 
chloride and hydrogen chloride has been used to advantage in 
some condensations, especially in those where the other condensing 
agents give indifferent results. Thus <o-chlororesacetophenone, which 
did not condense with diethyl oxalacetate in the presence of sulfuric 
acid or phosphorus pentoxide, did condense in the presence of zinc 
chloride and dry hydrogen chloride to give jS-carbethoxy-6-chloroaceto- 
7-hydroxycoumarin. 

Other Condensing Agents. Like hydrogen chloride, phosphoric acid ™ 
is also an effective condensing agent and does not give colored products, 
but it generally fails to promote condensation where sulfuric acid fails. 
Other condensing agents that have been reported are sodium ethoxide,'^' 
boric anhydride,'” sodium acetate,*” ferric chloride, * 2 ” stannic chloride,'” 
titanium chloride,'^® and thionyl chloride.'^” In the few condensations 
that have been tried with these reagents, most of them with simple 
phenols, the same coumarins are obtained as with sulfuric acid. The 
meager data available do not justify any conclusions regarding their 
efficacy. 


Pechmann and Schwarz, Ber., 32, 3699 (1899). 

Pechmann and Schaal, Bcr., 32, 3690 (1899). 

Appel, J. Chem. Soc., 1935, 1031. 

■=* Ahmad and Desai, J. Unit. Bombay, 6 (pt. 2). 89 (1937) [C. A., 32, 4561 (1938)). 
*“ Borsche and Niemann, Bcr., 62, 2043 (1929^ 

^ Gaind Gupta, Raj', and Sarcen, J* Indian Chcm. Soc., 23, 370 (1940). 
Chakr’avarU, >. /ndinn Chem. Soc., 12, 536 (1935). 

Horii J. Pharm. Soc. Japan, 59, 201 (1939) (C. A., 33, 4973 (1939)]. 

'=3 Dixit, Kankudti, and Mulay, J. Indian Chem. Soc., 22. 207 (1945). 
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EXPERIMENTAL CONDITIONS AND PROCEDURES 

The experimental conditions depend on the condensing agent used 
and are discussed under separate headings. The reaction e wee 
certain phenols, especially nitrophenols, and the ^-ketonic ester may e 
violent.'^'’ Initial heating wherever necessary should therefore e 
gradual. 

The ethyl a-alkylacetoacetates may contain ethyl acetoacetate as an 
impurity. They must be carefully purified, since phenols condense very 
readily with ethyl acetoacetate and a mixture of coumarins may resu 
from which a pure product may be difficult to isolate. Ethyl aceto 
acetate may be removed from the a-alkyl derivatives by washing wi 
3% sodium hydroxide solution. The washed product is then distilled. 

This method is more satisfactory than fractional distillation under 
reduced pressure, especially for ethyl a-methyl- and a-ethyl-acetoacetate 
contaminated with ethyl acetoacetate. 

Sulfuric Acid as Condensing Agent 

Concentrated sulfuric acid is generally used as the condensing agent. 
However, 73-80% sulfuric acid is sometimes preferable as it will de- 
crease the tendency to sulfonation. The addition of the sulfuric acid to 
the mixture of phenol and (3-ketonic ester should be gradual, preferably 
with cooling, since sufficient heat may be evolved to char the product. 
The reaction mixture is allowed to stand overnight or for a number of 
days, depending on the reactivities of the phenol and the j8-ketonic ester 
used. After the required period the reaction mixture is added slowly to 
cold water or crushed ice and the coumarin is precipitated. Sometimes, 
after the addition of sulfuric acid to the mixture of phenol and ( 3 -ketonic 
ester, the reaction mixture may be heated on a steam bath for some time, 
and then left at room temperature for one or more days. Reactions are 
also described m which heating on the steam bath is started immediately 
and continued for three to four hours, after w'hich the reaction mixture is 

water. Condensations that proceed -with 
difficulty, such as those of phenols with malic acid, are usuaUy carried 
out at temperatures up to 150”. 6-Methylcoumarin was synthesized 

hn'th ^ acid, maintaining the mixture in a 

'producing the malic acid slowly.'’' The yield is 
may bcluHonatS’! required, since a portion of the product 

2 J6^^^of° '"flmate mixture of 3 g. of resorcinol, 

2.46 g. of malic acid, and 6.1 ml. of concentrated sulfuric acid, after 

Ch^krarart!. J. Indian Chrm. Soc.. 9 , 25 (I9321 
- Baacy aad BocUnor. .T. I„d. m ( 1921 ). 
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being heated in an oil bath at 120° until the effervescence ceases (one 
hour), is cooled and treated with excess of crushed ice. The precipitated 
coumarin is purified by repeated crystallization from dilute ethanol 
(decolorizing carbon), from which it separates as pale pink prisms, m.p. 
227-228°,- yield 43%. The crude product can be conveniently de- 
colorized by passing a stream of sulfur dioxide into a warm ethanolic 
solution. 

The success of the method, according to Dey, Rao, and Seshadri,’^^ 
depends primarily on the regulation of the heating. It should be stopped 
precisely at the moment the mixture becomes clear. 

7-Hydroxy-4-methylcoumarind^^ The preparation of this coumarin 
from resorcinol and ethyl acetoacetate with concentrated sulfuric acid 
as the condensing agent has been described in Organic Syntheses. The 
yield is 82-90%. 

6,7-Dihydroxy-4-methylcoumarin.“ The preparation of this coumarin 
from 1,2,4-triacetoxybenzene and ethyl acetoacetate in the presence of 
75% sulfuric acid has been described in Organic Syntheses. The yield 
is 92%. 


Phosphorus Pentoxide as Condensing Agent 


The condensation may be carried out in the presence of this agent 
either in the cold if the phenol is very reactive or by heating the reaction 
mixture if the phenol is less reactive. The initial reaction is very 
vigorous, and external cooling is essential. It has been observed that the 
addition of a little absolute ethanol is advantageous.^* 

6-Hydroxy-4,7-dimethylcouniarin.** To a mixture of 5 g. of orcinol 
and 5 g. of ethyl acetoacetate cooled in ice, 18 g. of phosphorus pentoxide 
is added gradually. A vigorous reaction takes place with evolution of 
much heat. When the reaction ceases, the cold mass is treated with 
Water. The precipitate is washed ■with water and crystallized from di- 
lute ethanol (decolorizing carbon). It forms colorless needles, m.p. 248°. 

2,6-Dimethyl-3-ethylchronione.‘* The vigorous reaction between 
20 g. of 7n-cresol, 5 g. of ethyl a-ethylacetoacetate, and 20 g. of phos- 
phorus pentoxide is controlled by agitation and occasional cooling in tap 
Water. Then a further 10 g. of m-cresol and 20 g. of the pentoxide are 
added. The mixture is heated at 140 in an oil bath for fifteen minutes 
and then on the steam bath for one hour. An aqueous solution of the 
dark-colored product is made basic with sodium hydroxide and ex- 
tracted with ether. After the evaporation of the solvent the e.xtract is 
distilled under reduced pressure and the main fraction, b.p. 170-190°/20 
mm., is mixed with an equal volume of light petroleum ether. 2,5-Di- 


Dey, Rao, and Seshadri. A 

RusseU and Frj-e, Org. Sgnlhaci, 21. 22 (19 ). 
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metIiyl-3-ethylchromone, which gradually crystallizes, is separated; and, 
after the removal of the solvent, the mother liquor is distilled in a 
vacuum. When the distillate is mixed with petroleum ether a further 
quantity of the solid is obtained. On recrystallization from the same 
solvent, the chromone forms thick, pointed prisms, m.p. 86°; yield, 1 g. 

Phosphorus Oxychloride as Condensing Agent 

Dry benzene or toluene is generally the solvent when phosphorus 
oxychloride is used as condensing agent. The reaction mixture is 
usually heated for a few hours on a steam bath. 

7-Hydroxy-4-methyl-6-acetylcoumarin and 6-Hydroxy-4-methyl-6- 
acetylcoumarin.'^ A mixture of 8 g. of resacetophenone, 6 g. of ethyl 
acetoacetate, 2 ml. of phosphorus oxychloride, and 20 ml. of dry benzene 
protected from moisture is heated on a steam bath for five hours, when 
the evolution of hydrogen chloride ceases. After the benzene solution is 
poured off, the residue is extracted with two portions of 20 ml. of benzene 
and the solvent is removed by distillation from the combined extracts. 
The residue obtained from the benzene extracts is recrystallized from 
ethanol, and pure ciystals of 7-hydroxy-4-methyl-6-acetylcoumarin, 
m.p. 212°, are obtained. The yield is 40%. Concentration of the etha- 
nolic mother liquor gives a second crop of lower purity. The residue 
left after the removal of the solvent is repeatedly extracted with petro- 
leum ether (b.p. 60-80°). Upon cooling, crystals deposit which on re- 
crj'stallization from ethanol yield 5-hydroxy-4-methyl-6-acetylcoumarin, 
m.p. 164-165°. 

l-Hydroxy-3-methyl-7,8,9,10-tetrahydro-6-dibenzopytone.*° A solu- 
tion of 6.2 g. of orcinol, 11 g. of ethyl cyclohexanone-2-carboxylate, 
and 4.G ml. of phosphorus oxychloride in 45 ml. of dry benzene in an 
all-glass apparatus and protected from moisture is refluxed for three 
hours on the steam bath. The solution rapidly turns deep red, and at 
the end of one hour a crj’stalline precipitate begins to separate. Two 
volumes of water are added; the mixture is well shaken to destroy the 
pho^phorus oxychloride and then cooled. Most of the product crys- 
tallizes and is obtained by filtration of the benzene-water mixture. 
.•\dditional material is obtained by separation and evaporation of the 
Ijcnzene layer. Purification is effected by reciystallization from ethanol, 
m.p. 243-245°; yield, 7.6 g. (66%). 

Anhydrous Aluminum Chloride as Condensing Agent 

Anhydrous aluminum chloride can be used as the condensing agent 
r .Mt loui a ed solvent or dissolved in dry ether or dry nitro- 
wnrer.e. llie best results have been reported with nitrobenzene. The 
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aluminum chloride is dissolved in dry, preferably freshly distilled nitro- 
benzene, by warming in a flask protected from moisture. This solution 
is added to the solution of the phenol and the /3-ketonic ester in dry 
nitrobenzene. ^ The reaction mixture is heated in an oil bath betwecii 
120 ° and 140 ° for an hour or tAvo, when the evolution of hydrogen 
chloride almost ceases. At the end of that period the reaction mixl.ui'c is 
cooled and the unused aluminum chloride is decomposed by the /iddi- 
tion of ice and concentrated hydrochloric acid. The nitrobenzene is I'e- 
moved by steam distillation. The product remains behind. It is gcnei’- 
ally found that two moles of aluminum chloride per mole of the phenol 
give the best yield; more or less aluminum chloride than this quantity 
may decrease the yield. Pure anhidrous aluminum chloride dis- 
solves in ether and nitrobenzene Avithout leaAung a residue. 

Methyl 6,7-Dihydroxy-4-methylcoumarin-6( or 8)-carboxylate.55 Two 
grams of methyl phloroglucinolcarboxylate and 1.5 g. of eth34 aceto- 
acetate are dissolved in a minimum quantity of drj" ether. To this 
solution 3.5 g. of anhydrous aluminum chloride in 15 ml. of dry ether is 
added. The ether is allowed to eA'aporale gradualty bj' heating the flask 
on a Avarm Avater bath, and the resulting homogeneous mass is heated 
in an oil bath betAA'een 120° and 125° for an hour until the evolution 
of hydrogen chloride is negligible. After cooling, dilute hj'drochloi'ic 
acid and ice are added. The product is purified by crystallization from 
ethanol. It forms clusters of tiny needles, m.p. 230-231°; yield, 1.2 g. 

6-Hydroxy-4-methyl-6-propionylcoumarin.'’< A solution of 4.2 g, 

(1 mole) of anltydrous respropiophenone and 3.25 g. (1 mole) of ethyl 
acetoacetate in drj' nitrobenzene is added to a solution of G.7 g. (2 unties) 
of anhj’^drous aluminum chloride in 35 ml. of diy nitrobenzene. Tfif. 
mixture, protected from moisture, is lieated at. 120-130° until oa’dIuIjV,,, 
of hj'drogen chloride is negligible, AA’hich takes about an hour. If, ji, (he;) 
cooled, ice and 15 ml. of concentrated hydrochloric acid are adderl, and 
the nitrobenzene is steam-distilled. The brown re.sidue is colhicled 
decolorized bA' Avashing Avith a small quantity of ethanol, and crys(,,||j;,,.,] 
from ethanol. It forms fine, silkA' needles, m.p. lGl-lG.'j°; yield, 2 g. 


Hydrogen Chloride as Condensing Agent 

A solution of the phenol and the ^-ketonic ester either in 
M or in absolute ethanol is s-atumted with hydrogen ehlorj, 
1„,1 ,v,,ter. and the reaction mixture is 


cid or m absolute otiianoi ■ is riuorir),. 

eing cooled with ice water, ami the reaction mixture i.s k,ju 
•oppered flask overnight. It i-< then poured into Avater ^ 

xiliiiE for some time on a steam ’-'t '■ j* p.n-ej., 


eating for some tunc on a sn-...i. 

7-Hydroxv-5'-metliyIcoumnrono-(2 ,3 ,o,*)-cotimnnn.cc 


Y-HydroxT-0 , 

on of I g. of ethyl 5 -niethyl-pwot.ma.ni.io,ir--J-caihoxvi,, 


!,f 


11 iJ 

arei I g r- 
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resorcinol in methanol is saturated slowly at room temperature with 
hydrogen chloride a yellow sohd gradually separates. After two days 
the mixture is heated on the steam bath for half an hour, then cooled, 
and the resulting coumarin is collected, washed, and crystallized from 
ethanol, m.p. above 300°; yield, 0.6 g. 


Zinc Chloride as Condensing Agent 

The condensation in the presence of zinc chloride may be carried out 
either with ethanol as solvent or without a solvent. Heating is essential, 
the period dependent on the reactivities of the phenol and the /3-ketonic 
ester. 

Ethyl 7-Dimethylaminocoumarin-4-acetate.’^^ A mixture of 7 g. of 
distilled diethyl acetonedicarboxylate, 5 g. of m-dimethylaminophenol, 
6 g. of powdered anhydrous zinc chloride, and 20 ml. of absolute ethanol 
is heated in a paraffin bath with refluxing for twelve hours. The re- 
sulting strongly fluorescent liquid, which deposits a small amount of a 
viscid solid on coohng, is poured into 400 ml. of cold water containing a 
little hydrochloric acid. A dark oil is precipitated, which, after it has 
been washed with water containing dilute hydrochloric acid and per- 
mitted to stand in contact with ethanol, solidifies slowly to a crystalline 
cake. The solid is crystallized first from a mixture of benzene and 
petroleum ether and then from absolute ethanol (decolorizing carbon). 
'Ihe product forms slender, colorless prisms, m.p. 133°. The yield is 
poor. 


TABULAR SURVEY OF THE PECHMAHN REACTION 

All the condensations of malic acid and |3-ketonic esters with phenols 
an muce aneous compounds which, in the presence of various con- 
ensing agents, ia\e resulted in the formation of either coumarins or 

lanuTn^'^lflir'^ literature survey is complete to 

with dihv^ m monohydric phenols are listed in Table I, 
wUh tanh»T f r Z trihydric phenols in Table III, 

Tabic V ° ® a e I\ , and with miscellaneous compounds in 

halogens nitro aminr, ii- .1 ” substituents in the following order: 

iitliomilhowrS 'rou" °n’ ‘""''““''S 

“* Dn-.J. CKf~i. &K.. 107. lC-13 (1015). 
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table I 

Condensations v,tth Monohydric Phenols 


Phenol 

Phenol 


Condensing 

Add or Ester Agent 

Malic acid H2SO4 

C73% & 
coned.) 

a-Methylmalic acid HaSOi 

(73%) 

Ethyl tf-methyUonnylacetate P1O5 
Ethyl acetoacs.tfl.te H^SO* 

Ethyl acetoacetate HeSOi 


Yield 


Ethyl aodioacstoacetate 
Ethyl Bcstoacelate 
Ethyl a-methylacctoacetate 

Ethyl a-methyUcetoacetatc 
Ethyl a^thylacetoacelate 
AcelonedlcarboxyVic add 


H^SOi 

HiSOi 

(737o) 

PsOs 

MCU 

H5SO4 

03%) 

PiOa 

P2O6 

H2SO4 


Citric add 
Diethyl oxalacetate 
Diethyl oialochloroacetale 
Diethyl oxalobromoacetate 
Ethyl cyclopentanone* 
S-carboijdate 
Ethyl cyclopentanone- 
2<atboz>'late 

Ethyl c-methj'iacctoacelate 
Ethyl a'^thylacetoacetflte 
Ethyl a-propylacetoacetaU 



Ethyl ofisopTopylacetoacetflte 

PiOs 1 

o-Bromo* 

Ethyl a-methyUceloacetfltc 

PiOi 

phenol 

Ethyl a-cthylacetoacetflte 

PjOs 


Ethyl a-propylacetoicelate 

PtOs 

n-Chloro- 

Malic add 

H5SO, 

phenol 

Ethyl ace toacc tale 

HjSOi 


Ethyl e-methylaceloaoetate 

PiOi 


Ethyl e-ethj'lacetoacctatfi 

PiOs 

r^Brotno* 

Ethyl e-mclhylaoetoacetate 

P;05 

phenol 

Ethyl a-ethyls«toicetate 

PjOi 

p<Jhloro» 

Malic add 

H^O, 

phenol 

Ethyl acetoaoetflte 

H^Oi 


Ethyl Q-aethylacetoaoetate 

PiOs 


Ethyl or-ethylacetoacetflte 

PiOi 


Ethyl or-pTOpylaoetoacetflte 

P3O5 


Ethyl a-isopco?ylfl«to«ttate P-Oa 


Diethyl ac<tone«^carborjlate H-'SOi 


Diethyl oalacctale 

HjS 04 


Ethyl cydopeatflMae- 

PjOj 

pwBfotno- 

2-carboxyl3le 

Ethyl acetoacetate 

H;304 

pheacl 




Ethyl o-dcthyUvtoicetate PjOk 


Ethyl o-ethylac^toseetaVe PeOa 


S-Mcthylcouinarln 

3- MethylcbromonB 

4- Methyleoumarm 
4-Mcthylcoumarin 

^•Methylchromone 

4-Methylcoumarm 

3,4-Dunethylcouniarln 

2,3-DljnethylchiomoQe 
2 -Methyl'^tEyldiiomone 
Couinflrin“4^cctic add 
2-Hyaro»yp'»enylglulacomc anhydiids 
Comnarln-4-acetic add 
Ethyl conniarln-4-carboiylale 
Ethyl 3-cblorocouinflrin-4-carbox>’lato 

Ethyl 3-bromocoumatin-4-carboiylste 

(3ycIopenteno-(P,2',4,3)-courDarln 

CyclopenteDO-(l\ 2 ', 2 , 3 )*chroinon© 


8-CJbloro“2,3-<Jimethylchromone 2 

8-Cniloro-2-methyl-3-fithylchromone 
8-Chlor>*2-methyl-3-propylchrotnone 3 

8*ChlorO“2-methyl-3-isopropylchroinone - 
8*Bromo-2,3-dimethylchromon0 ^ 

8'Bronio2-niethyl-3-eth5dcbromone • 

8-Btomo-2-methyl-3-propylchromone 

7'Chlorocoumnrin 
7-Chloto-4-methylco\iinflnii 
7-Chlor&-2,3-<hmethylchroinone 
5 (or 7)-Chloto-2-inethyl-3*«thyl- 
chrocnone 

&-BTomo-2 3-diniethylchiQmone 

(7-bromo laoiner also lorroed bnt not 
Isolated) 

5 (or 7>'Bromo-2-metbyl-3-«tbylchromone 

b-CbloTocouEoarin 

6-Chloro-4 methylcoumarln 

6-Chloro-23*dimethylchronione 

6-Chiorty2-methyl-3-ethylchromone 

6-Chloro-2-Biethyl-3-prQpylcbrQaione 

W!Jhloro-2-methyl-3-\sopropylcbfomoDe 

Ethyl b<hlorocoumarln-4-acctate 

Ethyl 6-chlorocoumarin“4-carboxylate 

&-ChloTo-23*dihydropentachromone 

I b*Bromo^methylcoumflrin 

6-Bro3io-23^imethylchrotnone 

trBroao-2'Xacthyl-3-cthylchronione 


P.<f«rtnce* 142-244 are listed ea pp. 57-5S. 
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TABLE I — Continued 

Condensations with Monohydric Phenols 




Condensing 


Yield 

Refer- 

Phenol 

Acid or Ester 

Agent 

Product 

% 

ence 

m-Nitro- 

Ethyl a-methylacetoacetate 

PsOs 

7-Nitro-2,3'diinethylchromone 

_ 

29 

phenol 

Ethyl a-ethylacetoacetate 

PjOs 

7-Nitro-2-methyl-3“ethylchromon0 



29 


Ethyl a-propylaoetoacetate 

PjOs 

7“NHro-2-inethyl-3-propylchromone 



29 


Ethyl ce-isopropylacetoacetate 

PsOs 

7-Nitro-2-methyl-3-isopropyIchromone 



29 


Ethyl a*isobutylacetoacetate 

P2O5 

7-Nitro-2*methyl-3-isobutylchromone 



29 

p-Nitrophenol 

Ethyl a-methylacetoacetate 

PsOb 

&-Nitro-2,3-dimethylchromone 



29 


Ethyl or-ethylacetoacetate 

PjOb 

6-Nitro-2*'inethyl-3-€thylchrornone 

— 

29 


Ethyl o-propylacetoacctate 

PsOb 

6-Nitro»2'inetbyl-3-propylcbromone 

— 

29 


Ethyl a-isobutylacetoacetate 

PsOb 

&-Nitro-2-niethyI-3-iaobutylcbromone 



29 

nj-Amino- 

phenol 

Ethyl acetoacetate 

ZnCl2 

7-Amino-4-inethylcoiimarin with vary- 
ing proportions of 7(?)-hydrory- 
lepidone, 7(?)-hydroxy-2,4,4-tri- 
incthyl-3,4-dihydroquinoline, and 
4,6,6,8-tetramethyl.6,7-<iihydro- 
quinocoumarin 

12-16 

121 


m-Methyl- 

amino- 

phenol 

Ethyl acetoacetate 

ZnCl2 

7-Methylamino-4-methylcouniarin 

65 

147 

m-Dhaeihyl-’ 

Ethj’l acetoacetate 

ZaClt 

T-DimethyhmiDQ^'Oiethylcoiiniaria 

70-7& 

1 122 

amino- 

phenol 

Ethyl a-ethybcetoacetate 

ZnCl2 

7-Dimetbylamino-3-ethyI-4-methyl- 

coumarin 

— 

122 


Diethyl acetonedicarboxylate 

ZnCl2 

Ethyl 7-dimetbyIaminocoumarin- 
4-scetate 

— 

26 

ffi-Diethyl 

amino- 

phenol 

Ethyl acetoacetate 

ZnCl2 

7-Diethylamino-4-methylcoumariD 


122 

o-Cresol 

Ethyl acetoacetate 

P2OB 

2,8-DimetbyIchromone 

8 

4 


Ethyl ft-methylacetoacetate 

P2O6 

2,3,8-Trimetbylchromone 

40 

4 


Ethyl a-ethylacetoacetate 

P2OB 

2,8-Dimethyl-3-ethylchromoDO 



130 


Acetonedicarboxylic acid 

H2SO4 

ft-Metfaylcoumarin-4-acetic acid 
/5-2-Hydroxy-3-melhylphcnylglutaconic 
anhydride 

25 

138 


Diethyl acetonedicarboxylate 

H2SO4 

Ethyl 8-methylcoumarjn-4-acetate 

— 

26 

m-Cresol 

Malic acid 

H2SO4 

7-Methylcoumarjn 

27-40 

27, 148 


Malic acid 

H2SO4 

(96%) 

7-Metbylcoumarin 

54 

131 


Ethyl acetoacetate 

II2SO4 

4,7-DimethyIcoumarm • 

71 

27 


Ethyl acetoacetate 

PjOb 

4,7-DimethyIcoumarin 

8 

13 


Ethyl Q^chloroacetoacetate 

H2SO4 

3-Chloro-4,7-dimethyIcoumarin 

— 

20 


Ethyl a-methylacetoacetate 

H2SO4 

3,4,7-Trimethylcoumarin 

40 

27 


Ethyl a-methylacetoacetate 

P2O6 

2,3,7-Trimethylchromone 

10 

3 


Ethyl o-methylacetoacetate 

PsOb 

2,3,5-Trimethylchromone 
2,3,7-Trimethylchromone (isobted as 
the styryl derivative) 

4 

13 


Ethyl a-ethylacetoacetate 

H2SO4 

3-Etbyl-4,7-dimethylcoumarin 

— 

28 


Ethyl a-ethylacetoacetate 

P2O6 

2,5-Dimethyl-3-ethylchromone 
2,7-Dimethyl-3-ethylchromone (isobted 
os the styryl derivative) 

2 

13 


Ethyl a-allylacetoacetate 

H2SO4 

3-AlIyl-4,7-dimethylcoumarin 

54 

70 


Ethyl a-benzylacetoacetate 

H2SO4 

3-Benzyl-4,7-dimethylcoumarin 


28, 105 


Diethyl acetosuccinate 

H2SO4 

Ethyl 4,7-dimethylcouniarin-3-acetate 

25 

34, 65 


Diethyl a-acetylglutarate 

H2SO4 

08%) 

4,7-Dimethylcoumarm-3-propionic acid 

20 

77 


Noie: References 142-'244 are listed on pp. 57-58. 

• If the quantity of sulfuric acid employed is less than that given in ref. 27, 4-tolyloxy.4.7-dimetfayIhydrocournarjn is 

obtained along with 4,7-dimethylcoumarin, ref. 28. 
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TABLE I — Continued 

Condensations •with Monohtdric Phenods 


n-Crcsol 

iCerfi) 


Add or Ester 

Etbyl 7-bromoaceto3«tate 
Acetonedicarboxylic add 
AcetonedicaiboxyHc add 


Condeadns 

Ageot 

HsSOt 

HtSO< 

H5SO4 


Tield 

% 


60 


Diethyl acetonedicarboxylate H^Oi 

Citric add H^Oi 

Citric add (h5*drat<dl 
Citric add (dthydraled) H^O 4 

Citric add Oleum 

Ethyl bcnsoylacetate H^04 

Ethyl bearoylacelate PiO* 

Diethyl oialacetata H^04 

Diethyl chlorooialacetate B2SO4 


Product 

7-McUiyl-4-bromomcthylcoumarm 
7->Icthylcouinarin-4*acetic add 
7-Methylcouiiiarin-4-acetic add 
p“2-Hydroxy-4“methylphenyl^utacoiuc 

anhydride 

7“Methylcouinarin-4*acetic add and its 32-43 
ethyl and tn-tolyl esters 
7-Methylcoumarii>4-acetic add 

4.7- Dii&ethyleoumariii 
4,7“Dii»ethylcouiDarin 
4,7“Dimcthylcoumarin 

4.7- Diinethylcouinarin 
4-PheDyl“7*methylcouniBrin 
$*MethylflaTone 

Ethyl 7*methylcouinarin-4-carbo]Qrlat6 
Ethyl 3-chloro*7-methylcoumarm- 


Relw- 

ence 

83 

26 

138 

149 


44 

24 

8 

4 

1 

2 

Poor 


150 

151 
151 
151 

13 

13 

26 

26 



Ethyl cyclopentanone- 
2-<arbox5'late 

Ethyl cydapeatanone- 
2'<arboxyUl« 

Ethyl cyclohetanone- 

H^SOi 

PlOi 

HjSO* 

4-carboiylat© 

7-Methylcydopenteno- 

(1^,2^,43)-eQnmariD 

7*Methylcyclopenteno- 

(l'Wp3)^onione 

3,4-Tetrahydrob«ix<>*7-melhylcouniarin 

9 

50 

91 

11 

94, 162 

rv-Toly\ 

2-carboX7lat« 

Ethyl aoetoacetate 


4,7»Dimethylcoumaila 


13 

methyl 

ether 

;^-Cresol 

Fcmaric add 

(86%) 

HiSO,; 

6>Methylcoumarin 

50 

67 


Fumarie add 

ZnOs 

HtS04 

6*Methylcouinarin 

40-80 

68,153 


Maldc add 

02%) 

H:S0j: 

6-MethylcouinariD 

50 

67 


Malic add 

ZoClj 

H:S04 

6-Melhylcoumaria 

32 

148 


Ethyl aceto&cetate 

HtSOi 

4,6'Dimethylcoumarin 

40 

2, 28, 
154 


Ethyl aeetoaceUte 

HjS04 

4 ,6'Dimclhylcoumaxin 

70 

155 


(80%) 


Ethyl acetoaceUte 
Ethyl aeetoacctate 
Ethyl cf-ehlaroacetoacctile 
Ethyl <f«Moroa*etoioet*te 
Ethyl a-sethylicetcaceUte 
Ethyl er-eethylieelcae*rt3te 

Ethyl o-methylaettoaoctate 
Ethyl o*elhyUcetoaeetate 

Ethyl o-ethyUeetoacrtate 
Ethyl o-{o-trdrt!J7^j5>tri 
ehl3ro<hyI)Mr*oa«uie 
D.etiyl o-aaftytil!itan*j* 

Atrit-^^iicarbciyL-e 


JC-m Kj s;.5,^ 


PjOj 

4 ,6*Diiiielhylcoumaria 

— 

113 

Ha>0, 

4 ,6-Dimetbylcouniarm 

— 

127 

HiSO. 

3-^hloro-4,6^iiinethylcouinarin 

— 

28 

PtO, 

3-Cbloto-4,6-^methylcouniarin 

— 

13 

HiSO. 

3 ,4 .G-Trinethylcoamaria 

72 

130 

HtSO* 

3 ,4 ,6*Trimethylcoumariii 


103 

(80%) 

PdOa 

2 ,3 .^-Trizaethylchromone 

20 

3 

HjSO, 

3*Ethyl-4,6-dimethylcoumarin 

7 

113 

(84%) 

P/)| 

2,0'Dlarthyl-3-ethylchromone 


113, 15( 

■ HjSOt 

4,6-Diaeth>-l-3-(ff-hydroxy-0,0,5-tri- 

chl«oethyl)couiaaria 

18 

73 

HeSO, 

4,5*Dizriethylcounaria^proptomc add 

14 

77 

08%) 

HiSO, 

6“Methylcor2aari&-4-ac<tje ^d 

20 

26 

HiSO« 

5-Methyl»!imarin-4-acetic add 
jJ*2*Hydrciy-^-o«lhylpheDytglutaeoaic 
anhydride 

40 

138 



THE PECHMANN REACTION 


29 


TABLE I — Continued 

Condensations -mTH Monohydric Phenols 




Condensing 

Yield Refer- 

Phenol 

Acid or Eetcr 

ArcdI 

Product 

% 

ence 

p-Cresol 

Citric acid 

HjSO, 

4.6-DimetbyIcoumarin 

1 

151 

(Coni’cO 

Ethyl bcnioylacctalc 

HiS04 

4-PhcnyI-G-mcthylcoumarin 

2 

113 


Ethyl benioylacctale 

(84%) 

PiQs 

G-MtlKyldavonc 


in 


Diethyl ozahcctate 

HjSO, 

Ethj’l &-mclhylcoumarin-4-carboxylate 

— 

26 


Ethj'l c>*clopcnUnone- 

HiSO, 

6-Mcthj’lcyclopenteno- 

8 

91 


2«carboxylatc 

Ethyl cj'clopcntanonc- 

PjOs 

(r,2',4,3)-couroarin 

5-Melhj’lcyclopcnteno- 

_ 

11 

3-n-AroyI- 

2 -carbor 5 'late 

Ethyl cjxloheiaDODe- 

HiSO« 

(I',2*,2,3)-chromonc 

3-n-AinyI-7,8,9,10-tctrahj’dro-6-di- 

28 

157 

phenol 

2-carboxj'Iate 

Ethj'l 5-mcthylcyclohexa- 

H:SOi 

bcnropyrono 

3-n-AinyI-9-methyl-7,8.9,10-tetrahydro- 

32 

157 

m-Hexji- 

iiODe-2-carboxj’latc 

Malic acid 

HjSOi 

6“dibcniopjTonc 

T-Hcij’lcoumarin 

39 

158 

phenol 

2,4-Dichloro- 

Ethyl a-methj'lacctoacetate 

P 2 O 6 

6,8-Dichloro-2,3-dimethylchromono 

16 

111 

phenol 

Ethyl cr-cthj'Iacctoacctate 

PsOs 

6,S-Dichloro-2-metbyI-3-ethj’lchromoDe 

_ 

111, 130 

2,4-Dibromo- 

Ethyl o-methylacctoacetate 

PjOs 

6.8-Dibrotno-2,3-dimethj’lchromone 

19 

111 

phenol 

2-Chloro- 

Ethyl acetoacctate 

HjSOi 

8-Chloro-4,6-dimethj’lcoumarin 

— 

69 

4-methyl- 

Ethj’l a-chloroacctoacetatc 

HjSOi 

3,8-Dichloro-4,&-dimethyIcouniarin 

— 

69 

phenol 

Ethyl ar-methylacctoacctatc 

H 2 SO 4 

8-Chloro-3,4,6-trimethj'Icoumarin 

— 

69 


Ethyl or-methj'lacctoacetate 

PsOs 

8-Chloro-2,3,&-trimethylchromone 

— 

69 


Ethyl o-cthylacctoacetale 

H.SO 4 

8-Chloro-3-ethyl-4 .B-dimethylcoumarin 

— 

69 


Ethj’l a-cthylacetoacetat« 

P 2 OS 

8-Chloro-2,6-diinethyI-3-cthylchromone 


69 

4-ChIoro- 

Ethyl acetoacelatc 

P 2 OS 

&-Chloro-2,8-dimethylchromone 

— 

69 

2-methyl- 

Ethj’l o-methylacetoacctatc 

P205 

&-Chloro-2,3,8-trunethylchromone 


69 

phenol 

Ethyl a^thylacetoacetatc 

P 2 OS 

6-Chloro-2,8-dimethyl-3-ethylchromone 

— 

69 


Ethyl Of propj’Iacetoacctate 

P20i 

6-Chloro-2,8-dimeth>’I-3-propylchro- 

— 

69 

4-Chloro- 

Ethj’l acetoacetatc 

H 2 SO 4 

mone 

6-ChlorD-4,7-dimethylcoumarin 



69 

3-inethyl- 

Ethyl or-chloroacetoacctate 

H 2 SO 4 

3,6-Dichloro-4,7-dimethylcouniarin 

17 

69, 159 

phenol 

Ethyl or-methylacetoacetate 

H 2 EO 4 

&-Chloro-3,4,7-trimethylcoumarin 

— 

69 


Ethyl or-methylacetoacetate 

P 2 O 6 

6-Chloro-2,3 ,7-^methylchromoDe 

— 

69 


Ethyl a-ethylacetoacetate 

H 2 SO 4 

6-Chloro-3-ethyI-4,7-dimethylcoumarin 

— 

69 


Ethyl o-ethylacetoacetate 

P 2 O 5 

6-Chloro-2,7-d i methy W-ethylchromone 

— 

69 


Ethyl ot-propj’lacetcacctate 

P 2 OS 

6-Chloro2,7-dimethyl-3-propyIchro- 

— 

69 


Diethyl acctosuccinate 

H 2 SO 4 

mone 

Ethyl 6-chIoro-4,7-dunethyIcoumarin- 



69 


Acetonedicarboxylic acid 

H 2 SO 4 

3-acetate 

6'<3hloro-7-methylcoumarin-4-acetic 

16 

26, 69 


Diethyl oxalacetate 

H 2 SO 4 

Ethj’l 6-chloro-7-methylcoumarin- 

Excel- 

26 

2-Nitra- 

Ethyl acetoacetate 

P 2 O 5 

4-carboxylatc 

8-Nitn>-2,7-dimethylchromone 

lent 

69 

3-metbyl- 

Ethyl jx-ethylacetoacetate 

P208 

8-Nitro-2,7-<iimethyl-3-ethylchromone 

— 

69 

phenol 

4-Nitro- 

Ethyl oc-methylacetoacetato 

P 2 O 5 

6-Nitro-2,3,8-trimethylchromone 

— 

69 

2-metbyl- 

Ethyl a-ethylacetoacetate 

P 2 O 6 

&-Nitro-2,8-dimethyl-3-ethyIchromone 

— 

69 

phenol 

Ethj’l or-propylacctoacetate 

P 2 O 5 

6-Nitrt>-2,8-diinethyl-3-pTopylchromone 

— 

69 

3,4-Xylenol 

Malic acid 

H2S04 

6,7-DimethyIcoumarin 

— 

25 

(3.4-<li- 

Ethj’l acetoacetate 

H2S0< 

4,6,7-Trimetbylcoiiinarin 

58 

25 

methyl- 

Ethj’l a-chloroacetoacetate 

H 2 S 04 

3-Chloro-4,6,7-trimethylcoumarin 

l^ery 

26 

phenol) 

Ethyl o-methylacetoacetate 

H 2 S 04 

good 

3,4,6,7-Tetramethylcoumarin 46 

25 


•Acetonedicarboxylic acid 

H 2 S 04 

6,7-Dimethylcoumarin-4-acetic acid 

— 

26 

NoU: References 142-244 are listed on pp. 67-58 






ORGANIC REACTIONS 
TABLE 1— Continued 


Condensations tvith Monohtdsic Phenols 


Phenol Acid or Ester 

3,4-Xylenol Diethyl chloroSxalacetale 

(3.44i- 

metbyV 

yibenntt 

(ConCd) 

2.3- Xylenol Ethyl o-methyUcctoacetate 

(2^- 

methyl- 

phenol) 

2.4- Xylenol Malic acid 
(2,4-di- Ethyl acetoacetate 
melhyl- 

phenoT) 

Ethyl acetoacctale 
Ethyl acetoacctale 
Ethyl a-methyUcctoacetata 


Condenmng 

Agent Product 

H 2 SO 4 Ethyl 3 -cbloro- 6 , 7 -diroelbylcoumarin- 

4-catboiyUte 


PjOb 2;3;7,8-Tetramethylchromone 


H 2 S 04 

6 , 8 -Dimethylcouinarin 

H^Oi 

4,8,8-Triinethylco\iiiiarln 

(coned. 


and 


86 %) 


PaOe 

2,6,8-TVimethylchromone 

POCli 

4.6,8-TriiQethylcouiaarin 

H 2 SO 4 

3.4,6,8-Tctramethylcoumarm 


(coned. 

and 


Yield Ref®- 
^ encs 

29 26 


160 


30 25 

50-97 25,161 


12-18 

25 


161 

112 

25,161 


86 %) 

Ethyl a-mcthylacctoacctate PaOa 

Ethyl a-methybcetoacctate POCli 

Ethyl o-cthylacetoacetate HtjSOi 

(8S%) 

Ethyl a-ethylacetoacetate PjOs 

Ethyl o-ethyUceloacetate POClj 

Ethyl <i-benrj’lacctoacetat« H 2 SO 4 

( 86 %) 

Ethyl beuioylacetate H^Oi 

( 86 %) 

3.5- XyleDol Ethyl aceloacetate H 2 SO 4 

0/Wi- Ethyl a-methylacetoacetate HjSOi 

methyl- Ethyl a-methylacetoacetate P 2 O 5 

phenol) 

2.6- Xylenol Malic add 


(2,^- 

Ethyl aceloacelate 

PjOj 

methyl- 

Ethyl a-methylacetoacetate 

PjOs: 

phenol) 


POOL 


Ethyl a-elhylaceloacctate 

PlOs; 

POCli 


Ethyl a-beniyUcetoacctatc 

PjOs: 

POCl. 

ThjTaol 

Ethyl benxoyUcetate 

PiOi; 

poa, 

Malic add 

HiSOi 

Carracrol 

Ethyl acctoacetate 

PsOs 


Ethyl a-methylacetoacelate 

PjOs 

4-Chloro- 

Ethyl acetoacetate 

HrSO. 

3,S^ 

methyl- 

phenol 

235 -Tri- 

Ethyl acetoacetate 

P^On 

methyl- 

phenol 

V^nmenol 

Malic add 

HiSOi 


Ethyl aceloacelate 

HiSOi 


Ethyl o.methylacetoicetat< 

; H.SOi 


,Vc!r.- ReJtTK-OT ia-2U i:t Ihtcd on pp. 57-58. 


23,8,S-TctTamethylchromone 

2,3,6.8-Tetramcthylchromone 

4,6<8-Trlmelhyl-3*€thylM)niQaTm 

16 

161 

112 

161 

2.6.8- Tnmethyl-3-cthylchromone 

2.6.8- Trimethyl-5-ethylchromone 
4,6,8*Triinelhyl-3-benzylcouiriarm 

49 

161 

112 

161 

4-Phenyl-6,8-^inethylco\imaria 

49 

161 

4,5,7-Trimethylcoumarin 

32-40 

25, 95 
25,162 
163 

3.4.5.7- TetrametbyIcoum3riD 

2.3.5.7- Tetramelhylchromone 

9-11 

S.^Dimetbylcoumarin 

2,5,8-TriiDethylchromone 

— 

25 

112 

112,160 

2^,5,5-TctTamethylchromone 

— 

2 ,6,8-Ttunethyl-3-elhylchtomoae 

- 

112 

2,5,&-Trimetbyl-3-ben2ylchromoae 

- 

112 

5,^Dimethylflavone 

- 

112 

5-MethyI-8-i3opropyIcoumarin 

Poor 

39 

2,8-I>imethyl-5-isopropylchromone 

— 

164 

2^,S'Triinethyl-5*isopropylchromone 

— 

164 

&*Chlott>-2,5,7-trimethylchromone 

35 

95 


2,5,7 i8-Telranielhylchromone 

— 

155 

S,6,8-Trimethylcoumarin 

40 

25 

43 , 6 , 8 -Tctramethylcouniaria 

13 

25 

3 ,4,6,6,8-P enlamethylconmarm - 

•Poor 

25 
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TABLE II 

Condensations with Dihydric Phenols 




Condensing 


Yield 

Refer- 

Phenol 

Acid or Ester 

Agent 

Product 

% 

ence 

Catechol 

Acetonedicarboxylic acid 

HjSOi 

8-HydroxycouinBrin*4-acetic acid 

Poor 

26 

Guaiacol 

Ethyl a-methylacetoacetate 

PeOj 

8-Methoxy-2,3-diinethylchromone 

S 

166 

Resorcinol 

Diethyl malonate 

CjHsONb 

Ethyl 7-hydroxycoumarin-4-ace- 

— 

26 


tate • 


Malic acid 

H 2 SO 4 

7-Hydroxy coumarin 

43-50 

1,8, 132 

Ethyl a-phenylformylacetate 

PjOt 

7-Hydroxy-3-phenylcoumarin 

— 

167 

Ethyl cr-phenylformylacetate 

ZnCls 

7-Hydroxy-3-phenylcoumarin 

Poor 

105 

Ethyl acetoacetate 

H 2 SO 4 

7-Hydroxy •4-metbylcoumarin 

82-90 

2, 133 

Ethyl acetoacetate 

H2S04 (73%) 

7-Hydroxy-4-methylcoumarin 

— 

168 

Ethyl acetoacetate 

H 2 SO 1 (76%) 

7-Hydroxy-4-methylcoumarin 

96 

169 

Ethyl acetoacetate 

P 2 O 6 

7-Hydroxy-4-methylcoumarin 

63 

101 

Ethyl acetoacetate 

H 3 PO 4 

7-Hydroxy-4-methylcoumarin 

80 

127 

Ethyl acetoacetate 

HCI + ZnCIs 

7-Hydroxy-4-metbylcoumarin 

94 

125 

Ethyl acetoacetate 

HCl 

7-Hydroxy-4-methylcoumarin 

97 

123 

Ethyl acetoacetate 

FeCls 

7-Hydroxy-4-methylcoumarin 

57 

128 

Ethyl acetoacetate 

SnCU 

7-Hydroxy-4-metbylcoumarin 

Quant. 

128 

Ethyl acetoacetate 

TiCU 

7-Hydroxy-4-metbylcoumarin 

— 

128 

Ethyl acetoacetate 

C 2 ll 60 Na 

7-Hydroxy-4-methylcoumarin 

54 

127 

Ethyl acetoacetate 

CHjCOsNa 

7-Hydroxy-4-metbylcoumarin 

72 

127 

Ethyl acetoacetate 

Boric anhy- 

7-Hydroxy-4-metbylcoumarin 

50 

127 

Ethyl acetoacetate (2 or more 

dride 

H 2 SO 4 

Dimethyldicoumarin 

10 

170 

moles) 

Ethyl acetoacetate (2 moles) 

HCl 

4,4 -Dimethylcouroarino-7,8,a-py- 

20 

62 


rone 


Ethyl a-chloroacetoacetate 

H 2 SO 4 

7-Hydroxy-3-cbloro-4-methylcou- 

marin 

— 

32 

Ethyl a-chloroacetoacetate 

P 2 O 6 

7-Hydroxy-3-chloro-4-methylcou- 

marin 


109 

Methyl a-methylacetoacetate 

H 2 SO 4 

7-Hydroxy-3 , 4 -dinjethylcoumarin 

— 

2 

Ethyl or-methylacetoacetate 

P 2 O 6 

7-Hydroxy-3,4-dimethylcoumarin t 

— 

101, 109 

Ethyl a-methylacetoacetate 

HSPO 4 ; 

CH3C02Na; 

CgHsONa 

7-Hydroxy-3,4-diroethylcoumarin 


109,127 

Ethyl a-ethylacetoacetate 

H 2 SO 4 

7-Hydroxy-3-ethyI'4*niethylcou- 

marin 


109 

Ethyl a-ethylacetoacetate 

H 2 SO 4 (73%) 

7-Hydroxy-3-ethyl'4-methylcou- 

marin 

54 

101 

Ethyl a-ethylacetoacetate 

P 2 O 6 

7-Hydroxy-3-ethyl-4-methylcou- 

marin 

43 

101,109 

Ethyl a-propylacetoacetate 

H 2 SO 4 : P 2 O 6 

7-Hydroxy-3-propyl-4-methylcou- 

marin 


109 

Ethyl a-isopropylacetoacetate 

H 2 SO 4 ; PxOfi 

7-Hydroxy-3-isopropyl-4-methyl- 

coumarin 


109 

Ethyl a-butylacetoacetate 

H 2 SO 4 (80%) 

7-Hydroxy-3-butyl*4-methylcou- 

marin 


47 

Ethyl a-isobutylacetoacetate 

H 2 SO 4 ; P 2 O 6 

7 -Hydroxy- 3 -i 3 obutyl- 4 -methyl- 

coumarin 


109 

Ethyl a-allylacetoacetate 

H 2 SO 4 

7-Hydroxy-3-aIIyl-4-methylcou- 

marin 

97 

70 

Ethyl a-allylacetoacetate 

HCl 

7-Hydroxy-3-chloropropyI- 

87 

70 


4-methylcoumarifl 


Note: References 142-244 are listed on pp. 57-58. 

• The formation of this product was explained by the intermediate formation of acetonetricarboxylic acid, 
t Simonia and Remmert (ref. 5) carried out this condensation and assigned a chromone structure to the condensation 
product. Canter. Chird, and Robertson (ref. 101) have shown that the product is a coumarin derivative. 
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ORGANIC REACTIONS 


TABLE II— Con(tni(«I 
Condensations vtith Dihydric Phenols 


CoBdeMine 


Phenol 

Resorcinol 

(Con('d) 


Acid or Ester 

Agtnt 

Ethyl a-{oc-hydroxy-0,0,0-tri- 
chloroethyl)acetoac<tate 

H 5 S 0 , (7S7c) : 

Ethyl a-(a-hydroi)'-p,0,^-tri- 
chloroethyllacetoacetate 

PiOi 

Ethyl a-(a*hydroiy-^,fl,0-tri- 
chloroethyl)acetoacclate 

POCli 

Ethyl a-phcnylacetoacetate 

H 2 S 04 

Ethyl a-phenylacetoac«talo 

PiO, 

Ethyl a-p-melhoxyphenyl- 
acetoacetate 

H.S 04 

Ethyl a-bensylacetoacetatc 

H 5 S 04 

Ethyl a-beniylacetoacctate 

IIJS 04 ; P 104 ; 
H,P04: 
CHjCOiNn; 
C2H40Nn 

Ethyl a-bcniylacetoacetate 

POCU 

Ethyl a-o-caiboiybeniyl- 
acetoacetate 

HCl 

Ethyl acetocyanoacetate 

HaS 04 

Diethyl acetylmalonate 

H 2 SO 4 

Diethyl acetosuccinate 

H 5 SO 4 

Diethyl acetosuccinate 

PjOs 

Diethyl acetosuccinate 

H,P04 

Diethyl acetosuccinate 

POCli 

Diethyl acetosuccinate 

AlClj 

Diethyl a-acetoglutarate 

HjSO, 

Diethyl a-acetoglutarate 

P 2 O 5 

Diethyl a-acctoglutarate 

H 1 PO 4 


Diethyl oc-acetoglutarate AlClj 


Ethyl diacetylacetale 
Ethyl benzoylacetoacetate 
Ethyl benioylacetoacetato 
Ethyl phthalylacetoacetate 


Vield 


Pro<lurt 

Hydroxy •3-(c*-hydroi>'-^ ,5 

cWofocthylM-methylcoumaria 

7-nydroty-3-(«-hydroi>'-^^.P-l^i* 

chlorocthyl)-4-inelHylcoumarin 

7-nydrox5'-3-{o-hydroiy“0,fl,3*tn- 

chlofoethylH-raelhylcoumarin 

7-Hydroxy-G*phenyl*4-methylcou- 

marin 

7-Hydror)*-^phcDyl-4-melhylco\i- 

marin 

7«-Hydroiy-3-p-mclhoxyphcnyl-4- 

methyleoumarin 

7-Hydfoiy-3-beniyl4-methylcou- 

marin 

7*H>'droxy-3-bentyl-4-mcthylcou- 


7“Hydroxy-3-benxyl4-melhylcou“ 
maria 

7-Hydroxy-3-o-carbox>'bcniyl» 
4-methyl coumarin 
7-Hydroxy*4-mcthylcoumarin t 
7-Bydroxy-4-mcthylcoumarin $ 
Ethyl 7-hydfox>’-4-methylcou- 
marin-3*acetate 
Ethyl 7-hydroxy-4-methyleou- 
marin-S-acetate 
Ethyl 7-hydroxy-4-mcthylcou- 
maria-3-aceUt« 

Ethyl 7-hydroxy4-mcthylcou- 
msrin-3-acctatc 
7-Hydroxy-4-methylcoumarin- 
3-acetic acid 

Ethyl 7-hydroiy-4-methylcou- 
marin-3-propionate 
7-Hydrory-4-methylcoumarin- 
3-propiomc acid 
7-Hydroxy-4-inethylcoumarin- 
3-propionic acid 
Ethyl 7-hydroiy-4-methylcou- 
inarin-3-propionate 
7-Hydroiy>4-methylcoumarin- 
3-propionic acid 
7-Hydroxy-4-methylcoumarin- 
3-propionic acid 
7-Hydroxy-4-methylcoumarm H 
2 4 »ZnC !2 7-Hydroxy-4-phenylcoumarm H 
HCl - — . 

HCl 


H 2 SO 4 


Refer- 

ence 


Diethyl acctone^carboxylate H 2 SO 4 

IUfere„«3 U2-244 lirted on pp. S7-68. 

1 1 ne cyano group was eliminated. 

5 A carbethoiyl group was eliminated, 
n An acetyl group was eliminated. 


7-Hydroiy-4-phenylcoumarin 
7-Hydroxy-4-methylcoumarin- 
3-benioyl-o-carboxylic acid 
7-Hydro^coumarin-4-acetic acid 


12 

"2 

Poor 

72 

30 

72 

— 

105 

— 

109 

— 

171 

65-65 

105 

_ 109. 127 

- 

172 

— 

79 


78 


32,104 

3l>-63 

75.76 

Low 

34.127 

— 

127 

QuanU 

34 

Quant. 

34 

66 

77 

6 


— 

173 

- 

173 

74 

173 


32 



32.104 



174 

- 

79 

40 

82, 16 
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TABLE II — Continued 

Condensations with Dikydric Phenols 


Phenol 

Resorcinol 

iCont'd) 



Condensing 

: Vidd 

llefer- 

Add or Ester 

Agent 

Product % 

rneo 

Acctonedicarboxylic add 

PsOj 

7-Hydroxycoumarin-4-ncotlc acid 23 

Dilactono of /l,(?*<li(2.4Hlihydroxy- 42 

phenyDglutario add 

150 

Acetoncdicarboxylic add 

POCIj 

7-Hydroxycoumnrin-4-nccllo add 37 

Dilactone of^,fl-di{2,4Klihydroxy- 30 

phenyDglutnrio add 

159 

Acetonedicarboxylic add 

AlClj 

7-Hydrox>Touraarin*4*acetjo add 25 

Dilactone of )5,^-di(2, 4-dihydroxy- 10 

phenyDglutaric acid 

150 

Acetoncdicarboxylic acid 

SOCI. 

7-Hydroxycouniarin-4-acctic add 14 

Dilaclonc of ^,^';di(2, 4-dihydroxy- 22 

phenyDglutaric add 

120 

Ethyl a-p“methox>’phcnyl- 
propionoacetate 

HjSO, 

7-Hydroxy-3-p-mcthoxyphenyl- — 

4-ethylcouinarin 

171 

Ethyl butyroacctatc 

H;SO, (75%1 

1 7-Hydroiy-4-propylcoumarin — 

35 

Ethyl a-p-mcthoxyphenyl- 
butjToacetate 

HjSO, 

7-Hydroxy-3-p-methoxyphenyl- — 

4-propylcoumarin 

171 

Ethyl a-p-methox>*phenyl- 
iso\*aleroacetate 

HeSO, 

7-Hydroxy-3-p-methoxyphenyI- — 

4-isobutylcoumarin 

171 

Ethyl of-p*methoxypheQyl- 
caproylacetate 

H 2 SO 4 

7-Hydrox>'-3-p-raethoxyphenyI- — 

4-amylcoumarm 

171 

Ethyl benioylacetate 

HjSOi 

7-Hydrox>’-4-pheaylcoumarin — 

2 , ;i 2 

Ethyl benzoylacetate 

HjPO, 

7-Hydroiy-4-phenylcoumarin 

157 

153 

Ethyl benioylacetate 

HCl 

7-Hydroxy-4-phenylcouiiiarin 02 

Ethyl o^beniylbenzoylacetate 

HCl 

7 -Hydroxy- 3 -ben 2 yl- 4 -phenyl- /50 

coumarin 

nil! 

Ethyl o-benxylbenioylacetate 

H 2 SO 4 

7-Hydfoxy-3-beniyI-4-phenyl- Poor 

coumarin 

uin 

Diethyl benioylsucdnate 

H 2 SO 4 (85%) 

Ethyl 7-bydroxy-4-phenylcou- 43 

marm-3-acetate 

117 

Ethyl 7 -phen>'lacetoac 8 tate 

H 2 SO 4 

7-Hydrox>'-4-benryIcoumarm ^ — 

fifl, fii 

Ethyl 5-phcnyl-^ketoval- 
erate 

H2S04 

7-Hydroxy-4-(phenethyl)cou- •— 

marin 

m 

Ethyl veratroylacetatc 

H 2 S 04 

7-Hydroxy-4-veratrylcoumarin — r 

im 

H’l 

Ethyl veratroylacetatc 

HCl 

7-Hydroxy-4-veratrylcoumarin 00 

Ethyl trimethylgalloylacetate 

H 2 SO 4 (V3%) 

7-Hydroxy-4-(3,4,5-trimethoxy- — . 

phenyDcoumarin 

(70 

Diethyl veratroylsucdnate 

H 2 SO 4 (84%) 

Ethyl 7-hydroxy-4-veratrylcou- 
marin-S-flcetate 

(■•7 

Diethyl oxalacetate 

CsHsONa 

Ethyl 7-hydroxycoumarin-4-car- 
boxylate 

(;i! 

Dimethyl oxalacetate 

CHsONa 

Methyl 7-hydroxycoumarin-4-car- 
boxylate 

HH 

Ethyl cyclopentanone-2-car- 

H 2 SO 4 

7-Hydroxycydopenteno-(l',2',4,3)- r/) 

ill 

boxylate 


coumarin 


Ethyl 4-methylcyclopenta- 

H 2 SO 4 

7-Hydroxy-4 -methylcyclopenteno- ... , , 

(l'^',4,3)-coumarin ' 


none- 2 -carboxj’late 


f >u 

Ethyl cycloheianone- 2 -car- 

H 2 SO 4 

7-Hydroxy-3.4-tetrahydrobenzo- 0'i,4 

coumarin ' " * 

boxylate 


Ethyl cyclohexanone- 2 -car- 

POCI 3 

7-Hydroxycydohexeno-(l',2',4',3)- 

. ° ■■ \‘/A 

coumarm 

boxylate 



NoU: References 142-244 are listed on pp. 57-58. 

V Baker and Robinson (ref, 106) reported the preparation of this compound by the Pechmann 
cinol with the material described as ethyl r-phenylaceloacetate by Attwood, Stevenson’, and Thori^^ J, 

1762 (1923). This material was later found by Sonn and Litten (ref. 80) to be ethyl «-Phenylar^^7t^^%- 

their condensation product with resorcinol is 7-hydroxy-3-phenyl-4-methylcouinarin. ' 
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ORGANIC REACTIONS 


Phenol 

Resorcinol 

(Conl’d) 


TABLE 11— Cond'm/ffl 

CONDENSATIONB WITH DlUVimiC PlIKNOUS 


Add or Efter 

Condendre 

Asrnt 

Prolurt 

VirH 

fr 

IWrt- 

enw 

Ethyl 4-mcthylcyclohcta- 

11:50, 7 

•Hydroty-d’-mctholr/cl^S'i^s^* 

— 

57 

none-?-carboiylatc 

Ethyl 5-mclhylcydohexa- 

n^': 0 , 1 

(r,2',4;i)*<7=u=arin 

MIydroxy-5*-r.'‘'.h)lry:l?h'-i'a'>- 

- 

5 , 5 : 

nonc-2-carbox)-late 

Ethyl S-mcthyloTloheia- 

roci, 

4-3 

(•I!ydroT).5'-r.'th j If yfShcx'n> 

- 

57 

iione-2<ar boxylate 

Ethyl 6-methyle>'clohcxa- 

l-OCli 

7'lIydrttxy-5'*tnflhylo'c*''“-^*''"'^ 

— 

57 

none-2-carboxj'lato 

l,2-H>"drindone-2-carboxj'lic 

IICI 

(r,2',4;j>-fr!uir.uin 

7*lljT!rc!xy-4,3-ind^n«Nrjr:iaHa 

10 

!l 

add 

Ethyl (rani-^ccalone* 

11:50, 

7*!Iydroiy-/.'3i»-oct.\lin'>(7',3',4,31- 

— 

5 ; 

3<arboxylate 

Ethyl indane-l,3*dionc-2-car* 

. IICI 

crjmiria 

7-Hydroxy-r*hcto;r.d'r!<>*(2’A',3,4)« 

7 

M 

boxylate 

Ethyl P-«)umaranone-2-car- 

iij5o, mrc) 

couaarin 

7*Uydrox>-fO’jmartsr.i>*C2',3',3,4>- 

:s 

100 

boxylate 

Ethyl 5-melhyl*0-coumara- 

llCl 

cQuaiarh 

7*Hydfoxy-5'*tr.'thylCTrarr.\ron> 

75 

100 

none-2-carbotj’lalc 

Ethyl 7-mcthyl*0-coumara- 

11^0, (65<rc) 

(:'.3‘;i.4Vco'imxrm 

7*llydroxy*7'-ncthylwjmart'nf>* 

3 

100 

nonc-2-car boxylate 

Ethyl &-methoxj'*^<oaman 

IICI 

(2’,3*3.4V<ottmanin 

l•H>^3roxy•(i‘•^ethoxyco•ma^on^• 

— 

IM 


Rthyl chtoinaa^«OQO>4«caf* 
boxyhte 

Ethyl 3-hydfoiy-7-mcthoiy« 
3*chrom€nc-4*catboxylate 
Ethyl 3*hydroxy»S-mclhoxj'* 
3<hromcDe-+<arboxylate 


IICl;^^SO« 

(M%) 


(2'J'J,4>-ccanvaria 

7»lIydroxychroReno»Q',4',4^>- 

counmia 

7 »ll>*drox 5 -- 7 '«racthoxycbrcmen&- 

(3',4',4,3)*<ouaLvia 

7-Hydroxy*5'*methotychromena- 

(3’,4\4^)<ounmin 


Ethyl 3-h5'droiy-6,7-<iimclh- HsSO, (M7o) 7-Hydtoiy-6',7’-<iimtthoiythro- 
W-d-chromcnM-at- n!cno-0',<’,<,3)-romjrin 


Resorcinol 

mono* 

methyl 

ether 


Resorcinol 

monobutyl 

ether 

Resorcinol 

dimethyl 

ether 

4-Chioro- 

tesorcinol 


oiy*3-chromcne-4-car- 

boxj’late 

Ethyl 3-hydroiy-0,7-dimetb- 
ox5’-3-chromcne«4-car- 
boiylate 

Methyl 3-hydroxyindolc- 
2-carboxylate 
Malic acid 
Ethyl acetoacclate 
Acetonedicarboxylic acid 
Ethyl benioylacetato 
Ethyl veratroylacetate 

Ethyl cyclohexanone-2-car- 
I boxylate 

Ethyl acetoacetate 
Ethyl acetoacetate 

Ethyl a-methylacetoacetatc 
Malic acid 

I Ethyl acetoacetate 
Ethyl acetoacetate 


7*Ilj*droiy-G’,7'-dimtlhoxycbro- 

nieo'>(3',4',4,3)-coumarin 

HiSOi (00%) 7-Hydroxyindolo-(2',3’,3.4)-cou* 
marin 

H2S04 7-McthoiyTOumarin C 

HcSOi; PiOj 7-Mcthoxy*4-mcthyl«)umaria 
H2SO4 7*Mcthoxycoumarin-4-acctic add 

H2SO4 7-Melhoxy*4*phcnylcoumarin 

7-Mcthoxy-4-(3',4'-<Jimcthoiy- 
pheoyl)coumarin 

EOCls 3-Butoxy-7.8.0.1l>.tctrahydro- 
WibcnzopjTono 

7"Methoxy-4-methylcoumariQ •• 

2 « ( 80 %; 7*Melhoxy-4-methylcoumarla •• 
87%) 

^*^^®lboxy-3,4-dimcthylcoumarin** 

^ ^ 7-Hj'drox3**&-chlorocoumarin 

7-Hydroxy-4-methyl.6-chlorocou- 


7-Hydroxy-4-methyl-6<hlorocou- — 


Wok; Merenoea 142-244 are Usled on pp. 57-58 

Partol demethylation took place betote the condensation. 
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TABLE II — Conlinued 

Condensations with Dihydhic Phenols 




Condensing 


Yield Refer- 

Phenol 

Acid or Ester 

Agent 

Product 

% 

ence 

4-ChIoro- 

Ethyl a-chloroaccloacetote 

H 2 SO 4 : Pi06 

7-Hydrosy-3,D-dichloro-4-mcthyl- 



41 

resorcinol 

(Cont’d) 

Ethyl a-methybcctoacetato 

H 2 SO 4 ; P 2 O 6 

coumarin 

7-Hydroxy-3 ,4-dimethyI-6-chloro- 


41 


Ethyl a-ethylacetoacclatfl 

HsSOi: PsOs 

coumarin 

7-Hydro3Cj'-3-cthyl-4-methyl- 


41 


Ethyl a-propylacetoacetate 

H 2 SO 4 ; PjOs 

&^hlorocoumarin 

7-Hydroxy-3-propyI-4-methyI- 


41 


Ethyl a-isobutylacetoacetatc 

HjSOi 

6 -chlorocouraarin 

7 -Hydroxy- 3 -i 3 obutyl- 4 -methyl- 


41 


Ethyl o-bcnzylaceloacetate 

H 2 SO 1 

5>^hlorocoumarin 

7-Hydroxy-3-bcnzyl-4-methyI- 

_ 

41 


Diethyl acetosuccinate 

H2S04 

C-chlorocoumarin 

Ethyl 7-hydroxy-4-methyl-6-chloro- 

_ 

41, 42 


Diethyl acetosuccinate 

POCI 3 

couinarm-3-acctate 

Ethyl 7-hydroxy-4-methyI-(l-chloro- 

_ 

42 


Acctonedicarboxylio acid 

H2S04 

coumarin-3-acetate 

7 -Hydroxy“ 6 -chlorocoura 3 rin- 


41 


Ethyl benxoylacetate 

HaSOi 

4-acetic acid 

7-Hydrox>'-4-phenyl-G-chlorocou- 



41 

4-Bromo- 

Ethyl acetoacetate 

H 2 SO 4 : P 2 O 5 

marln 

7-Hydroxy-4-methyl-(>-bromocou- 


43,177 

resordool 

Ethyl a-methylacetoacetate 

H 2 SO 4 ; P 2 O 5 

marin 

7-Hydroxy-3,4-dimethyl*6-bromo- 


43 


Ethyl o-ethylacetoacetate 

H 2 SO 4 ; P 20 $ 

coumarin 

7-Hydroxy-3-ethyl-4-metbyI- 

_ 

43 


Diethyl acetosuccinate 

POCI 3 

6 -bromocoumarin 

Ethyl 7-hydroiy-4-metbylcou- 



42 

2-Nitro- 

Ethyl acetoacetate 

H 2 SO 4 

marin-3*acetate 

7-Hydroxy-4-methyl-5-Ditrocou- 

60 

41 

resorcinol 

Ethyl oc-methylacetoacetato 

H 2 SO 4 

marin 

7 -Hydro 3 y- 3 ,4-dimethyl-8-nitro- 

15 

41 

4-Nitro- 

Ethyl acetoacetate 

H 2 SO 4 

coumarin 

7-Hydrox>'-4-methyl-6-nitrocou- 


44 

resorcinol 

Ethyl acetoacetate 

AICI 5 

marin 

5-Hydrox>'-4-methyl-6-nitrocou- 

3 

118 

2 - Amino- 

Ethyl acetoacetate 

H 2 SO 4 

marin 

7-Hydrox}'-4-methyl-8-aminocou- 

_ 

177 

resorcinol 

2-Methyl- 

Malic acid 

H 2 SO 4 

marin 

7-Hydroxy-&-methylcoumarin 

_ 

178 

resorcinol 

Ethyl acetoacetate 

H 2 SO 4 

7-Hydroxy-4,8-dimethylcouinarin 

— 

62 


Ethyl benzoylacetate 

H 2 SO 4 

7-Hydroxy-4-phenyI-8-methylcou- 

89 

179 

4-M ethyl- 

Ethyl acetoacetate 

H 2 SO 4 

marin 

7-Hydroxy-4,6-diniethyIcoumarm 

Quant. 

180 

resorcinol 

Diethyl acetosuccinate 

POCls 

Ethyl 7-hydroxy-4,0-dimethyIcou- 

— 

181 

5-Methyl- 

Malic acid 

H 2 SO 4 

msrln-3-acetate 

7-Hydroxy-5-methylcoumarin 

Good 

39, 40 

resorcinol 

Ethyl acetoacetate 

H 2 SO 4 

5-Hydroxy-4,7-dimethylcoumarin ft 

91 

31 

(orcinol) 

Ethyl acetoacetate 

H 2 SO 4 (73%) 

5-Hydroxy-4,7-dimethylcoumarin ft 

68 

168 


Ethyl acetoacetate 

P 2 O 6 

5-Hydroxy-4,7-dimethylcoumarin 

— 

33 


Ethyl acetoacetate 

H 3 PO 4 

5-Hydroxy-4,7-dimethylcoumarm 

55 

127, 182 


(coned, and 




85%) 

Note: References 142-244 are listed on pp. 57-58. 

tt Muller (ref. 151) who also carried out these condensations, assigned the 7-hydroxycoumarm structure to the prod- 
uct. This is incorrect as the product was shown earlier, by Collie and Chrystall, J. Chem. Soc., 91, 1804 (1907), to 
have the 5-hydroxycoumarin structure. 
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ORGANIC REACTIONS 


TABLE II — Continued 
Condensations with Dihydric Phenols 


Phenol 

Acid or Ester 

Condensing 

Agent 

Product 

Vield 

% 

Refer- 

ence 

B-'Methyl- 

Ethyl a-chloroacetoacctato 

HjSO, 

5*Hydroxj’*3-chloro-4 ,7-diinethyU 

60 

37 

resordnol 

(orcinol) 

Ethyl Of-chloroacetoacctate 

PtO, 

coumarin 

5-Hydroxy*3-chloro-4 ,7^iiinc thj’l- 

— 

33 

(Coni'd) 

Ethyl o-methylacetoacetata 
Ethyl a-ethj'lacctoacetate 

Ethyl o-butylacetoacetate 

PjOs 

HjSO, 

HjSO, 

coumarin 

5- Hydroiy*3,4,7*trimethj’lcoumarin 

5*nydroTy-3-«thyM , 7-dimethyl- 
coumarin 

6- Hydrox5*-3-butyl-4 ,7-<iime thyl- 


33 

33 

37 


Ethyl a-bulylacetoacetato 

POCl, 

coumarin 

5-Hydrox>'-3-bulyl-4 ,7*<iimethyl- 

62 

182 


Ethyl o-allylacetoacetate 

HCl 

coumarin 

S-Hydrory-3 (0-ohloropropyl)- 


124 


Ethyl a-{a-hj’droxy-0,0,0‘tri 

- POCl, 

4,7-dimethylcoumarin 

6-Hydroxy -3 (o-hydrox)*-^.^ ,0-tri- 

30 

72 


chloroethyl)acetoacctale 

Ethyl a-bentylacetoacetate 

HsSO, 

chloroethyl)-4 ,7*<iimethylcou- 
marin 

7-nydroxy-3-benxyl-4 ,5-<limelhyl- 


105 


Diethyl acetosuccinate 

coumorin tt 

H2SO4; P2O4; Ethyl 5-hydroxy-4,7-dimelhylcou- 



34,127 


Diethyl acclosuccioate 

H,PO, 

POCl, 

marin-3-acetat6 

Ethyl 5*hydrox5’-4,7'dimethyleou- 

67 

34 


Diethyl a-acetoglutarate 

H-SO, 

marin-3>acetate 

Ethyl 5*hj*droxy-4,7-dimelhylcou- 


77 


Diethyl a-acetoglutarate 

PfO, 

mario-3-propionate and 5-hy- 
droxy-4,7*4iimethylcoumarin- 
3-propiomc acid 

5-Hydrox>’-l,7-dimethylcoumarin- 


173 


Diethyl o-acetoglutarate 

Ha 

3-propiomc acid 

Ethyl 6-hydroxy-4,7-dimethylcou- 



77, 173 


Acetonedicarboxj’lic add H2SO4 

Citric acid HjSOi 

Ethyl butyroacetate 

Ethyl 7-phenylaceU)aceUte H2SO4 

Ethyl a-beiuylbenzoylacetate ZnCh 

Ethyl cyclopentanone-2-car- H2SO 
boiylate 

Ethyl cydopentaiioue-2-car- POCl: 
boxylate 

Ethyl 4-methylcyclopenla- POCl 
nonc*2-catboxylate 
Ethyl cycloheianone*2-car- H2S(; 
boxylate 


inariD-3-propionat« and 5-hy- 
droxy-4,7-dimetbylcoumBrin- 

3- propionio acid 

H2SO4 5-Hydroxy-7-methylcouiDBrin- 

4- acetic acid 

H2SO4 5-Hydroxy-7*methylcouinarin“ 

4-Bcetic acid and orcin-aurin 
H^04 (75%) 6-Hj'droiy-4-propyl-7-methylcQU- 
marin 

H2SO4 (80%) 5-Hydroxy-4-beMyl-7-methylcou- 

marin 

ZnCh 5-Hydroxy-3-beiuyl4-phenyl- 

7-methylcoumaria \\ 

HiSO» 6-Hs-droxy-7-methyl-3.4-cydo- 

penteaocoumarin 

POCl, 5-Hj-dro:iy-7-methyloydopenteno- 

(l*,2',4,3)-comnarin 

POCl, 6-Hydtoxy-7,4'-dimdhyloyd(>. 

P^l®riO“(l',2\4,3)-couinarin 
H2SO4 l“Hydroiy-3-methyl-7,8,9,10-tetra- 

hydro-O^beniopyrone 


Nok; Refaence, 142-244 m feted on pp. 67-58. 

i, ptofebly % B-hyfeoiyromMfe "* **’' “'“““I wOi P-fetonio esters, this compound 

is ptohahly n d-hydro^-coumSiTferis^-m!''^'^!'' ' with ^-ketonic esters, this compound 

coamarin) ia incorrect; refs. 105, 106. ' originally aamgned (7-hydroxy-3-beiu6yl-4-pbeiiyl-5-methyl- 
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TABLE II — Continued 

Condensations with Dihtdhic Phenols 


Phenol 


Condensing 

Yield Refer- 

Acid or Ester 

Agent Product 

% 

ence 

6 -Methyl- 

resorcinol 

Ethyl cyclohexanone-2-car- 
boxylate 

POCI 3 S-Hydroxy-7-inethylcyclohexeDO- 

(l',2',4,3)-coumarin 

— 

m 

(orcinol) 

(Conf’d) 

Ethyl cycIohexanone-2-car- 
boxylate 

POCis l-Hydroxy-3-methyl-7,8,9,10-tetra- 

hydro-&-dibenzopyrone 

66 

10 


Ethyl 4-methylcyclohcx- 
anone- 2 -carboxylatc 

POCI 3 5-Hydroxy-7,4'-dimethylcycIohex- 

eno-(l',2',4,3)-coumarin 

— 

97 


Ethyl 5-methylcyclohex- 
anone- 2 -carboxylate 

H 2 SO 4 ; 5-Hydroxy-7,5'-dimethylcyclohex- 

POCI 3 eno-(r,2',4,3)'Coumarin |[1I 

— 

97 


Ethyl 5-methylcyclohex- 
anone- 2 -carboxylate 

POCI 3 l-Hydroxy-3,9-diniethyl-7,8,9,10- 

tetrahydro- 6 -dibenzopyrone 

62 

10 


Ethyl 6 -methylcyclohex- 
anone- 2 -carboxylate 

POCI 3 5-Hydroxy-7,6'-diinethylcyclohex- 

eno-(P,2',4,3)-coiimarin 

— 

97 


Ethyl frans-/5-deca!one-3-car* 
boxylate 

H 2 SO 4 5-Hydroxy-7-methyl-tronj-octalino- 

(2^3^4,3)-couIna^in 

— 

97 

2-Ethyl- 

resorcinol 

Ethyl acetoacetate 

H 2 SO 4 7-Hydroxy-4-methyl-8-ethyIcou- 

marin 

79 

183 

4-Ethyl- 

TMorcinol 

Ethyl acetoacetate 

H 2 SO 4 7-Hydroxy-4-methyl-6-ethyIcou- 

marin 

49- 

Quant. 

184, 185 


Ethyl acetoacetate 

H 2 SO 4 (73%) 7-Hydroxy-4-methyl-6-ethyIcou- 
marin 

80-85 

186 


Ethyl a-methylacetoacetate 

H 2 SO 4 (73%) 7-Hydroxy-3,4-diroethyI.6-ethyl- 
coumarin 

90 

55 


Ethyl a>niethylacetoacetate 

POCI 3 7-Hydroxy-3,4-diinethyl-6-ethyl- 

coumarin 


187 


Ethyl a-ethylacetoacetate 

H 2 SO 4 (73%) 7-Hydroxy-3.6-dicthyl-4-methyI- 
coumarin 

75 

55 


Ethyl a-ethylacetoacetate 

POCI 3 7-Hydroxy-3,6-djethyl-4-methyl- 

coumarin 


187 


Ethyl a-propylacetoacetate 

H 2 SO 4 (73%) 7-Hydroxy-3-propyl-4-metby]- 
G-cthylcoumarin 

65 

55 


Ethyl a-propylacetoacetate 

POCI 3 7-Hydroxy-3-propyl-4-methyl- 

6-ethyIcoumarm 

— 

187 


Ethyl a-butylacetoacetate 

H 2 SO 4 (73%) 7-Hydroij*-3-butyl-4-methyl- 
6-ethylcoumarin 

— 

55 


Ethyl a-butylacetoacetate 

POCI 3 7-Hydrox>'-3-butyl-4-methyI- 

G-ethylcoumarin 

— 

187 


Ethyl a-allylacetoacetate 

H 2 SO 4 (73%) 7-Hydroxy-3-allyl-4-methyl- 
6-cthylcoumarm 

45 

55 


Ethyl a-(a-hydroxy-jS,^.0-tri- 
chloroethyl)acetoacetate 

H 2 SO 4 (80%) 7-Hydroxy-3-(a-hydroxy-p,jS,/5-tri- 
chloroethyl)-4-methyl-6-ethyl- ■ 
coumarin 

Poor 

74 


Ethyl a-(a-hydroxy-^,^,^-tri- 
chloroethyl)acetoacctate 

POCI 3 7-Hydroxy-3-(a-hydroxy-^,0,5-tri- 

chIoroethyl)-4-methyl-6-ethyl- 
coumarin 

27 

74 


Diethyl acetosuccinate 

H 2 SO 4 (80%) Ethyl 7-hydroxy-4-methyl-6-ethyl- 
coumarin-3-acetate 

38 

181 


Diethyl acetosuccinate 

FOCI 3 Ethyl 7-hydroxy-4-rDethyI-6-ethyl- 

couinarin-3 -acetate 

76 

181 


Ethyl benroylacetate 

H 2 SO 4 (73%) 7-Hydroxy-4-phenyl*6-ethylcou- 
marin 

90 

55 


Ethyl cyclopentanone-2-C3r- 
boxylate 

H 2 SO 4 7-Hydroxy-&-cthylcyclopenteno- 

( I ',4 ,3 )-coumaria 

32 

91 


NoU: Rtferences 142-244 ore listed on pp. 57-58. 

nil Sen and Basu (ref. 94) have carried out the same condensation and assigned the 7-hydroxy structure to the con« 
densation product. Chowdhry and Desai (ref. 97) have shown this to bo incorrect and have assigned the 5-hydrory- 
coumarin structure. 
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ORGANIC REACTIONS 


TABLE II — Continued 

Condensations TaTH Dihydric Phenols 


Phenol 
4-Ethyl- 
resorcinol 
(Coni’ d) 


(^ondensitiB 

Ageni 

HiSOi 


5-Ethyl« 

resordnol 

4-Propyl- 

resorcinol 


B-Propyl- 

resorcinol 

4-Butyl- 

xeaorcinol 


Acid or Ester Agen 

Ethyl 4-methylcyclopenta- E}SO( 
none-2-carboij’lato 

Ethyl cycloheianone-2-car- POCli 
boxj’late 

Ethyl 4-inetbylcyclobex- H-SO* 

anone-2-carboxyble 
Ethyl 5-methylcyclohex- H5SO4 

anone-2-carboxylate 
Ethyl 6-methylcyclohex- POQi 

anone-2-carboxylate 
Ethyl lran4-0-decalone-3*car- HjSOi 

boxylate 

Ethj’l l-methylcyclohexan- H2SO4 

3-one-4-catboxj’late 
Ethyl acetoacetate H2SO4 

Ethyl a-(a-hydrQii*.|9.p,^- POCli 

trichloroethyl)acetoacetale 

Diethyl acetoauednate H2SO 

Diethyl acetosuednate POCl 

Ethyl 6-methylcydohex- POCl 

I anone-2-carboxylate 

Ethyl <*-(a-hydfoxy-p.(5,0. POCl 

1 trichloroethyDacetoacetate 



Diethyl acetosuednate 

POCl, 

B-Butyl- 

resordnol 

Ethyl 5-methylcydohei- 
anone-2-carboxi'late 

POCl, 

2-l6oamyl- 

resordnol 

(tetra- 

Mahc add 

Ethyl acetoacetate 

HsSO, 

HjSO, 

hydro- 

tubanol) 

Ethyl 3-hydroxy-7-methoxy- 
3-chromene-4-carboiylate 
Ethyl 3-hydroxy-8-methoiy- 

HCl 

HCl 


2-l6oamj’l- 

resordnol 

mono- 

methyl 

ether 

4-l8oamyl- 

resordnol 


Eliyl3-hydroi5-6,7-dimeth- HiSOj (85%) 
oxy-3-chromene-4-caT- 
boxylate 

Malic add w.cn 


Product 

7-Hydroxy-4'-iiiclhyl-6-cthylcyclo- 

penteno-(l',2',4,3)-coumarin 

7-Hydfoxy-(rclhylcyclohcxeno- 

(P,2',4,3)-coumaria 

7-Hydroxy-4'-mcthyl-&-ethylcyclo- 

bcicno-(P,2',4,3)-coumarm 

7-Hydroiy-5'-methyl-&<thylcyclo- 

hcieno-(l',2',4,3)-coumarin 

7-Hydroxy-6'-methyl-(>-ethylcyclo- 

hcxcno-(P,2',4.3)-coumarm 

7-Hydrot>'-6-clhyl-tmnt-oclaliDO- 

(2',3',4,3)-coumarin 

5-Hydroxy-3'-methyl-7-ethyl- 

3,4-c)*cloheienocoumarin 

7-Hydroi>'-4-methyl-6-propyl- 

coumarin 

7-Hydroxy-3-(ct-hydroxy-^,0^tri- 

chlorocthylH-methyl-5-propyl- 

coumarln 

Ethyl 7-hydroxy-4-mctbyl-6-propyl- 
coumarin-G-acctate 
Ethyl 7-hydroi>*«4-mcthyl-6-propyl- 
coumarin-S-acetate 
l-Hydroxy-3»propyb&'metbyl* 

7,8.9, 10-tctrahydro-&-dibenxo- 
pyrone 

7-Hydrox>’-3*(ct-hydroxy-^,$,3-lri- 

chloroethyl)-4-mctbyl-6-butyl- 

coumarin 

Ethyl 7-hydroxj'-4-methyl-&-bulyl- 
coumarin-3-aceUle 
l-Hj’droxy-3-butyl-9-melhyl- 
7,8,9,10-tetrahj*dro-&-dibenEo- 
pyrone 

7-Hydroxy-8-isoamylcoumarin 

7-'Hydroxy-4-methyl-S-isoainyl- 

coumarin 

7-Hydroxy-7-mcthoxy-8-lsoamyl- 
chromeno-(3',4',43)-coumarin 
7-Hydfoxj’-8'-methoxy-8-isoainyl- 
chroineno-(3',4^4,3)-coumaria 
'%) 7-Hydroxy-6',7'-diinethoxy-8-i30* 
amylchromen{>-(3\4',4,3)-cou- 
marin 

7-Methoxy-8-iaoamylcouinariii 


Malic add 
Ethyl acetoacetate 


H2SO4 

H2SO4; 

EOClj; 

Aiai 


7-Hi’droxy-8-i8oamyleo iimftt in 

7-Hydroiy-4-methyl-6-i8oamyl- 

coumarin 


Noli; Eefcrences 142-244 ate Usted 
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TABLE II — Continued 


CONDENHATIOKS WITH DiIIYDUIC PiIF.NOES 


Fhrnol 

Acid or Katcr 

ComlcnainK 

Ai-fnt 

Product 

^ icltl Ilrfer- 
r* 

5-AtnyI- 

Flhyl acctoawlale 

ILSOi 

5-n>iiroiy-l-mclh}l-7-aniylcou- 


30 

rtsoronol 



marin 


(olivetol) 

Ethyl accloacclate 

rocij 

5-Hydroiy-4-mclhyl-7-timylcoti. 

83 

182, 193 




matin 



Ethyl <t-bulyla«toa«tale 

rocij 

S-Hydroxy-^-btilyl-l-melhy!- 

CO 

162,193 




7-amy!coumarin 


Ethyl cyclopcntanoRC-C-car- 

HjSO« 

5-HyJroiy-7-amyI-3,4-cyc!open- 


30 


boxybtc 


tenocoumarin 



Ethyl eyclohcianor 5 r- 2 -caf- 

n;SO« 

5-HydroX5’-7-amyl-3,4-cycIohcxeiio- 


30 


boxylatc 


coumarin 



Ethyl cj'clohexanonc- 2 -cnr- 

rocii 

l-lIydrojy- 3 -amyl- 7 , 8 , 9 , 10 -tcini. 

82 

93 


box>‘hte 


hydro- 5 -<Htx:n:op> 7 ono 


Ethyl <-rnclhyIcyclohcxa- 

rocis 

l-Hydroiy-3-amy!-S-mcthyI- 

70 

93 


n 0 n c* 2 -car boxy b t e 


7,S,0,10-tctraliydro-(>-dibcnso- 

pjTonc 




Ethyl l-methylcyc!ohcian- 

HeSOi 

6-Hydroxy-5'-mctliyI.7-amyI- 

91 



3-one-4-carbox>-bte 


3,4-cycIohcicnocoumarin 

9 


Ethyl S-methylcyclohoxa* 

POCIi 

l-Hydroiy-3-amyl-9-methyl- 

57-75 

93, 191 


nonc* 2 -carbox)'Iatc 


7,8.9,I()-tctrahydro-G-dibcnio- 




pyronc 




Ethyl 5*«thylcyc!ohcxanonc- 

rocis 

l-Hydroiy-3-amyl.!mhj.i.7^5,,_,Q_ 

40 

98 


2 -carboxybte 


tetrahydro- 6 -dibcnsopjTone 


Ethyl G-mcthylcyclohcxa- 

POCIj 

I-Hydroxy-S-amyl-IO-methyl- 


93 


none- 2 «carl)ox)'btc 


7,8,9, lO-lctrahydro-Wibenso- 

pyiono 




Ethyl 3,5^itncthylcyclohcxa- 

POCIa 

l-Hydroiy,3-amyl-7,Mimethy|. 

0.3 

93 


none- 2 *carbox)'btc 


7,8,9, 10-telrahydro-Wibcnso- 




pyrone 




Ethyl 4 , 5 -dimcthylcycIohcxa- 

POCls 

l-Hydroxy- 3 - 3 myl, 8 . 9 Miinietbyl. 

01 

98 


none- 2 -C 3 rborybtc 


7,8,9,10-tctrahydro-5,dibenzo- 




pyrone 




Ethyl 6 , 5 -<limcthyIcyclohcxa- 

POCls 

I-Hydroxy-3-amyI-9,9-dimethyI. 

33 

93 


none- 2 -carboxybtc 


7,8.9, 1 0-tetrahydro-Wibenso- 




pjTonc 




Ethyl cycloheptanone-2-car- 

POCls 

5-Hydroxy-7*amyI-3,4-pcnta- 

45 



boxybtfl 


methylcnccoumarin 

98 

6 *Isoamyl- 

Ethyl l-methylcyclohexan- 

HjSOs 

5 -Hydroxy- 5 -methyl- 7 -isoan 3 yl- 



resorcinol 

3-one-4-carboxybte 


3,4-cycIohexenocoumarin 


37 

4-Heiyl- 

Ethyl acetoacetate 

HiSOs ( 82 %) 

7-Hydroxy-4-raethyI-6-hexyl- 

39 


resorcinol 


coumarin 

195 

5-Hexyl- 

Ethyl 6 -methyIcyclobexa- 

POCls 

l*Hydroxy“3-hexyl-&.methyl, 

52 


resorcinol 

none- 2 -carboxybte 


7.8,9, lO-tetrahydro-B-dibenzo, 

38 




pyrone 



6 -Isohexyl- 

Ethyl 1 -methylcyclohexan- 

H2SO4 

5-Hydroxy-5-methyl-7-isohexyl- 



rcaorcinol 

3-one-4-carboxylat€ 


3,4-cyclohexenocoumarm 


37 

5-Heptyl- 

Ethyl 5-methylcyclohexa- 

POCI 3 

l-Hydroxy-3“heptyl‘9-melhyl, 

59 


resorcinol 

none- 2 -carboxylate 


7,8,9,I0-tetrahydro-6-dibenzo- 

38 




pyrone 



6 -Octyl- 

Ethyl 5 -methylcycIohexa- 

POCls 

l-Hydroxy-3-octyl-9-methyl- 

59 


resorcinol 

none- 2 -carboxylate 


7,8,9,10-tetrahydro-&-diben2o, 

38 




pyrone 



4-Dodecyl- 

Ethyl acetoacetate 

H 2 SO 4 : 

7-Hydroxy-4-methyl-6-dodecyl. 



resorcinol 

POCls: 

coumarin 

— 

30 


AlCh 


Note: Referencea 142-244 are Hated on pp. 57 58 
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TABLE II — Continued 

Condensations wtth DiiiYDnic Phenoes 


Phenol Add or Ester 

4-Hexadecyl- Ethyl aceloacetate 
resordnol 

4-Octadecyl- Ethyl acetoacetate 
resordnol 


Condensing 

Agent 

HsSOc 

POCh: 

AlClj 

poaj 


J-Alkyl- 

resordnol 


Ethyl 5-methylcyclohexa- 
none-2-carboxylate 



5-Alkyl 

substituent 

l-Methyl- Ethyl S-methylcydohexa- 
^^tyl none-2-carboxylate 

1-Ethylbutyl Ethyl 5-methylcyclohexa- 
none-2-carboxylate 

1-Methyl- Ethyl 5-methylcydohexa- 
pentyl none-2-carboxylate 

l-n-Propyl- Ethyl 5-methylcydohexa- 

pentyl none-2-carboiylate 

1-Methyl- Ethyl 5-methylcyclohexa- 

noae-2-<arboxylate 


hexyl 

l-Methyl 

heptyl 


l-Methyl- Ethyl &-methylcydohexa- 


“cij V j 4 none-2-carboxylate 

— CHtCHs)- Ethyl 5-methylcyclohexa- 
(CHdeCHs none-2-carboxylate 
— C^CHjV Ethyl 5-methylcydohexa- 

(CHjlrCHs none-2-carboxylate 

fi^^nxT S-niethylcydohexa- 

^slCHr none-2-carboxylate 

CH2CH3 


Product 

7-Hydroxy-4-mcthyl-6-bexadccyl- 

coumorin 

7-Uydroxy-4-methyl-&-ocUdccyl- 

coumarin 
Miictllantmt C-AlitvlrmrciooU 

POCl I l-Hydroxy-G-alkyl-^methyl- 

7,8.9,10-letrfthydro-5-dibenxn- 

pyrone 

CHs OH 

/)— P' 

co-o^ 

R “ nlkyl group 
3-Alkyl Bubatiluent 

POClj 1-MelKylbutyl 

POCh 1-Ethylbutyl 

POCl* 1-Mctbylpentyl 

POCl) 1-n-Propylpcntyl 

POCI3 1-Mclbylbexyl 

POClj 1-Metbylbeplyl 

POClj -CH(CH,)(CHj) 5 CHs 

POClj -CHtCHsKCHjlrCH, 

POClj -CHjCHtCHjlCHzCHjCHj 


CH(CHj)- 
CHjCHs 
-CHjCHb- 
CH2CH- 
(CHjIj 
— C(CHj)j- 
CsHr 
-CCCH,)- 
CH(CHj)- 

CrHs 

— CHtCjHj). 
CHCCHsl- 
CHs 

C5H13 


CfiHri 

Wok.' RelertOM U2-244 ore lUtod on pp. 67-B8. 


Yield 

% 

30 


70 

73 

63 

61 

47 

62 

38 

41 

60 


197 

197 

197 

197 

197 

197 

198 
198 
198 


Ethyl 5-methylcyclohexa- 
none-2-carboxylate 

POClj 

-CHjCHjCHCCHjlCHjCHj 

72 

198 

Ethyl 5-methylcydohexa- 
none-2-carboxylate 

POClj 

-CHjCHjCHjCHCCHjIj 

73 

193 

Ethyl 5-inethylcydohexa- 
none-2-catboxylate 

POClj 

-CICHjIjCjHj 

73 

199 

Ethyl 6-methylcydohexa- 
none-2-carboxylate 

POClj 

-ClCHjlCHlCHslCjHj 

30 

199 

Ethyl 5-methylcydohexa- 
none-2-carboxylate 

POClj 

-CHCCjHslCHlCHjlCHj 

28 

199 

Ethyl 5-methylcydoheia- 
none-2-catboxylate 

poa. 

ClCHjljCjHij 

37 

199 

Ethyl 6-methylcydohexa- 
none-2-carboxylate 

POClj 

-CH(CH,)CH(CH3)CsH„ 

24 

199 
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Phenol 

/3-Resorcylic 

acid 


Methyl /3- 
resorcylate 


TABLE II - — Continued 

Condensations with Diiiydric Phenols 


Acid or Ester 
Malic acid 

Malic acid 


Ethyl acetoacetate 


Ethyl acetoacetate 

Ethyl 4-methylcyclopenta- 
none-2-carboxylate 
Ethyl cyclohexanone-2-car- 
boxylate 
Malic acid 

Ethyl acetoacetate 


Ethyl acetoacetate 
Ethyl acetoacetate 
Ethyl acetoacetate 

Ethyl acetoacetate 
Ethyl acetoacetate 

Ethyl a-chloroacetoacetate 
Ethyl a-methylacetoacetate 


Ethyl a-ethylacetoacetate 
Ethyl a-propylacetoacetate 


Ethyl a-butylacetoacetate 


Ethyl a-ben 2 ylacetoacetate 


Condensing 

Agent Product 

H 2 SO 4 7-Hydroxycoumarin-6-carboxyIic 

acid 

H 2 SO 4 7-Hydroxycoumarin-6-carboxylic 

acid (isolated as methyl 7-meth- 
oxycoumarin- 6 -carboxylate) 
5-Hydroxycoumarin-6-carboxylic 
acid (isolated as methyl 5-meth- 
oxycoumarin- 6 -carboxyIate) 
H2SO4 7-Hydroxy-4-methylcoumarin- 

iJ-carboxyhc acid 
7-Hydroxy-4-methylcoumarin 
AICI 3 5-Hydroxy-4-methylcoumarin- 

6 sjarboxylic acid 

H 2 SO 4 (73%) 7-Hydroxy-6-carboxy-3,4-(4'- 

methyIcyclopenteno)coumarin 
H 2 SO 4 (73%) 7-Hydroxy-6-carboxy-3,4-cyclo- 
hexenocoumarin 

H 2 SO 4 7-Hydroxycoumaria-6-carbox}'lic 

acid 

H 2 SO 4 (80%) Methyl 7-hydroxy-4-methyIcou- 
marin* 6 -corboxylate 
7*Hydroxy«4-methyIcoumarin- 
&K^rbozylic acid 

P 2 O 5 Methyl 7-hydroxy-4-methylcou- 

marjn- 6 -carboxylate 

POCI 3 Methyl 7-hydroxy-4-mcthylcou- 

marin- 6 -carboxyIate 

AJCI 3 Methyl 5-hydroxy>4-methylcou- 

marin- 6 -carboxylate 
Methyl 7-bydroxy-4-melhylcou- 
marin- 6 -carboxylate 

HCI Methyl 7-hydroxy-4-methylcou- 

marin» 6 -carboxylate 

ZnCl 2 Methyl 6-bydroxy-4-methylcou- 

marin- 6 -carboxyIate 
Methyl 7-hydroxy-4-methylcou- 
marin- 6 -carboxylate 

H 2 SO 4 (80%) Methyl 7-hydroxy-3-chloro-4- 

methylcoumarin- 6 -carboxylate 
H 2 S 04 (80%) Methyl 7-hydroxy-3,4-<Iimethyl- 
coumarin-&-carboxylate 
7-Hydroxy-3,4-dimethylcoumarin- 
6 -carboxylic acid 

H 2 SO 4 (80%) Methyl 7-hydroxy-3-ethyl-4- 

methyIcoumarin- 6 -carboxylate 
H 2 SO 4 (80%) Methyl 7-hydroxy-3-propyl-4- 

methylcouraarin- 6 -carboxyIate 
7-Hydroxy-3-propyl-4-methyl- 
couiQaria-&K^rboxylic acid 
H 2 SO 4 (80%) Methyl 7-hydroxy“3-butyl-4- 

methylcoumarin»&-carboxylate 
7-Hydroxy-3-butyl-4-methyl- 
coumarin- 6 -carboxylic acid 
HoSOi (80%) Methyl 7-hydroxy-3-benzyI-4- 

raethylcouraarin- 6 -carboxylate 


Yield 

% 

30 

20 


43 


31 


Refer- 

ence 

45.200, 

201 

120 


45 


Traces 

14 


53 


— 48 


-- 48 


— 45 


20 


45 


45 


45 


53 


47 


— 47 


— 47 


— 47 


— 47 


^ole: References 142-244 are listed on pp. 57-58. 
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ORGANIC REACTIONS 


TABLE II — Conlimtcd 

Condensations with Dihyduic Phenols 


Phenol 
Methyl p- 
resorcylate 
(Cont’d) 


Condensiog 

Acid or Ester Agent Product 

Diethyl acetosuccinate HjSOa (80%) Methyl 7*h>'droiy-4-mcthjd- 

coumario*6-carboiylat<* 

Ethyl a-benzoylacetoacetate HjSO* (60%) Methyl 7-hydroxi'-4-phenylcou- 

niariD*6<arboxylato * 
7-Hydroiy-4-*phenylcoumaria- 
O^arboxylic ficid * 

Diethyl acetonedicarboiylate HiSOt (80%) Ethyl 7-hydrosy-&-carb<imethoxy- 

coumarin-^-acc tate 
T-Hydroxy-O-carbomelhorycou- 
inarin-4-acctio acid 

Ethyl cyclopenlaQone-2-car- H2SO4 (73%) 7*nydroiy*0<arbotnethoxy- 
boxylate 3,4^yclopcntcnocoumarm 

Ethyl 4-melhylcyclopenla- H^Oi (73%) 7-Hydrox>’-6-carboniclhoxy-3,4- 


Ticld Refer- 
% ence 


none-2-caiboxylate 


(4'*methylcyclopent*no)coumnrin 


Ethyl cycloheianQne-2-car- H2SO4 (73%) 7-Hydroxy-(>^rbomelhoxy-3,4- 



boxylate 


cyclohexenocoumarin 

77 

48 


Ethyl cyclohexanone-2-car- 

POCl. 

7-Hydroxj'-&-carbomelhoxy'3,4- 


boxylate 


cyclohexenocoumarin 

77 

48 


Ethyl cycloheraQoae-2-car- 

AlCli 

7-Hydroi5’-C-carbomelhoxy-3,4- 


boiylate 


cyclohexcnocoumarin 

eo 

49 

y-Resorcylic 

Ethyl acetoacetate 

H2SO4 

7-Hydroxy-4-mclhylcoumarin- 

acid 



S^arboxylic acid 

40 

17 

2-Acetyl- 

Ethyl acetoacetate 

HeSO. (78%) 

7-Hydroi>'4-methyl*S*acctyl- 

resorcinol 

Ethyl acetoacetate 

AlCij 

coumarin 

7-Hydroxy-4-methyl-8-ocelylcou- 

74 

17 




matin 


128 


Ethyl acetoacetate 

FeCl, 

7-Hydroiy4-melhyl-8-acclylcou- 

— 


Diethyl acetosuccinate 


marin 


42 


H-SO, (80%) 

7-Hydroxj'-4-mcthyl-8-acctylcou- 

— 




marin-3-acet\c acid 


42 


Diethyl acetosuccinate 

POClj 

Ethyl 7-hydroxy-4-melhyl-8-acctyl- 

— 

4-Acetyl- 

rcsordnol 

(rcsaceto- 



coumarin-3-acetate 


202 

203 

Malic acid 

Ethyl acetoacetate 

H2SO4 

POCIj 

7-Hydroxycoumarin • 
7-Hydroxy-4-methyl-&-acetyl- 
coumarin 

40 

phenone) 

Ethyl acetoacetate 

POCI3 

7-Hydroxy-4-methyl-&-acetyl- 

40 

12 




coumarin 






5-Hydroxy-4-methyl-&-acetyl- 

— 



Ethyl acetoacetate 


coumarin 


53 


AlClj 

5-Hydroxy-4-methyl-6-acetyI- 

37-41 


Ethyl a-methylaceloacetate AlClj 

coumarin 

6-Hydroxy-3,4-dimethyl-6-acetyl- 

7 

no 


Ethyl a-ethylacetoacetate 

Aids 

coumarin 

6-Hydroxy-3-ethyl-4-methyl- 

— 

no 


Ethyl a-benzylacetoacetate AlClj 

6*acetylcoumaria 

5-Hydroxy-3-ben2yl-4-methyl- 

— 

no 


Ethyl cyclopeDtanone-2-car- POClj 
boiylate 

Ethyl cyclopentanone-2-car- AlClj 
boxylate 

Ethyl 4-methylcyclopenta* AlClj 
none-2-carboiylate 


Nou: Retoeoces 142-241 .re listed on pp. 67-68. 

Lnd " -'^HeCOsCeHe gronp wes eliminated 

In tins condensation an acetyl group was eliminated. 


O-acetylcoumatin 
7-Hydroxy-6-acetyl*3 ,4-cyclo- 
pentenocoumarin 
6-Hydroxy-6-acetyl-3,4-cyclo- 
pentenocoumarin 

5-Hydroxy-6-acetyl-3,4-(4'-methyl- 

cyclopentenolcoumarin 
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THE PECHMANN REACTION 


TABLE II — Continued 

Condensations with Dihydrig Phenols 


Phenol 


Condensing 

Yield Refer- 

Acid or Ester 

Agent 

Product 

% 

cnce 

4-Acetyl* 

resorcinol 

Ethyl cyclohexanone-2-car- 
bojcylate 

POClj 

7-Hydroxy-6-acetylcyclohexeno- 

(l',2',4,3)*coumarin 

- 

96 

(resaceto- 

phenone) 

Ethyl cyclohexanone-2-car- 
boxylate 

AlClj 

5-Hydroxy-6-acetyl-3,4-cyclo- 

hexenocoumarin 

82 

48 

CCoRi’d) 

Ethyl 4-methylcyclohexa- 
none-2-carboxylate 

POCIj 

7-Hydro30^-4-methyl-6-acctyl- 

cyclohexeno-{P,2',4,3)-coumarin 

— 

96 


Ethyl S-methylcyclohexa* 
none-2-carboxylate 

POCIj 

7-Hydroxy-5-methyI-6-acetyI- 

cyclohexeno-(l',2',4,3)-coumarin 

— 

96 

«*>*Chloro- 

reaaceto- 

Ethyl trans-^-decalone- 
3-carboxylate 

POCI 3 

7-Hydfoxy-&-acetyl-frang-octaIino- 

(2^3',4,3)*coum3rin 


96 

Ethyl acetoacclate 

HjSOi 

7-Hydroxy-4-methyI-6-chloroaceto- 

coumarin 

g 

126 

phenone 

Ethyl acetoacetate 

HCl 

7-Hydroxy-4-methyl-&^hloroaceto- 

coomarin 

4 

126 

2-Propionyl- 

resorcinol 

Diethyl oxalacetate 

ZnCl 2 + HCl 7-Hydroxy-4*carbethoxy-6-chIoro- 
acetocoumarin 

45 

126 

Ethyl acetoacetate 

H2SO4 

7-Hydroxy*4-methyl-8-propionyl- 

coumarin 

— 

204 

4-Propionyl* 

resorcinol 

Ethyl acetoacetate 

P0CI3 

7-Hydroxy-4-methyl-6-propionyl- 

coumarin 

25 

13 

2-Butyryl- 

resorcinol 

Ethyl acetoacetate 

AICI 3 

5-Hydroxy*4*methyl*6*propionyI- 

coumarln 

24 

114 

Ethyl acetoacetate 

H2SO4 

7-Hydroxy-4*methyl*8*butyryI- 

coumarin 

— 

205 

4-But>Tyl- 

reeorcinol 

Ethyl acetoacetate 

P0CI3 

7-Hydroxy-4-methyl-6-butyryl- 

coumarin 

30 

12 

4“Isovaler>'l* 

resorcinol 

Ethyl acetoacetate 

AlCla 

5-Hydroxy-4*methyl-&*butyTyl- 

coumarin 

37 

114 

Ethyl acetoacetate 

AICI 3 

5-Hydroxy-4-metbyl-6-isovaleryI- 

coumarin 

45 

115 

4-Lauroyl- 

resorcinol 

Ethyl acetoacetate 

AICI 3 

5-Hydroxy-4-mBtbyl-Wauroyl- 

coumarin 

27 

115 

4-Palr5utoyl* 

resorcinol 

Ethyl acetoacetate 

AICI 3 

5-Hydroxy-4-methyl-6-palmitoyl- 

coumarm 

84 

115 

4-StearoyI- 

resorcinol 

Ethyl acetoacetate 

Aias 

5-Hydroxy-4-mctbyl-6-stearoyI- 

coumarin 

33 

196 

2-Benzoyl- 

resorcinol 

Ethyl acetoacetate 

H2SO4 

7-Hydroxy-4-methyI-8-ben2oyI- 

coumarin 

— 

54 


Diethyl acetosuccinate 

FOCI 3 

Ethyl 7*hydroxy-4-methyl- 
8-bcnzoylcoumarin-3-acetate 

— 

42 

4-BenroyI- 

resorcinol 

Ethyl acetoacetate 

POCI 3 

7-Hydroxy-4-methyl-6-benzoyl- 

coumarin 

10 

12 


Ethyl acetoacetate 

AICI 3 

5-Hydroxy-4-methyI-6-b€nroyI- 

coumarin 

— 

17 

2-o-ToluyI- 

resorcinol 

Ethyl acetoacetate 

H2SO4 

7-Hydroxy-4-methyl-8-o-toluyl- 

coumarin 

— 

205 

2-p-Toluyl- 

rcsorcinol 

Ethyl acetoacetate 

H2SO4 

7-Hydrox>’-4-methyl-8-p*toluyl- 

coumarin 

— 

204 

4-p-Toluyl- 

resorcinol 

Ethyl acetoacetate 

AICI 3 

6-Hydroxy-4-methyl-6-f^-toluyI- 

coumarin 

55 

114 

4-Phenyl- 

acetyl- 

resorcinol 

Ethyl acetoacetate 

AICI 3 

5-Hydrox>*-4-methyI-6-phenyI- 

acetylcoumarin 

42 

114 

4-CUoro- 

6-methyl- 

Ethyl acetoacetate 

H2SO4; PeOs 

5-Hydroxy-6-chloro-4,7-dimcthyl- 

coumarin 

— 

43 

resorcinol 

Ethyl a-methylacetoacetatc 

H2SO4: P2O6 

5-Hydroxy-&-chloro-3 ,4,7-tri- 
methylcoumarin 


43 


A’ofe; References 142-244 are listed on pp- 57 - 58 . 
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ORGANIC REACTIONS 


TABLE II — Continued 


Condensations ivith Dihydric Phenols 


Phenol Acid or Ester 

4-Cbloro- Ethyl a-ethylacetoacetate 

5- methyl- 

resotcinol Citric acid 

(COTli’d) 

4-Chloro- Ethyl acetoacetate 

6 - ethyl- 

resorcinol Ethyl a-mcthylacetoacelalc 

4-Bromo- Ethyl acetoacetate 

5- inethyl- 

resorcinol Ethyl a-methylaceloacetate 

4-Chloro- Ethyl acetoacetate 

6 - propionyl- 
resorcinol 

6 -Btomo- Ethyl acetoacetate 
4-acelyl- 


Condenaing 

Agent Product 

H 2 SO 4 ; PaOe 5-Hydroxy-6K:Woro-3-ethyl-4,7-di- 
tnelhylcoumarin 

HjSOi 5-Hydroicy-6-chlor(>-7-methylcou- 

niarin-4-acetic acid 

H^SOc P 2 O 5 6-Hydroxy-4-methyl-6{or 8 )-chloro- 
8 -(or 6 )-€thylcoumarin 

H 2 SO 1 5-Hydroxy-3,4-dimethyl-6(or 8)- 

chloro-8(or 6)-cthylcoumarm 

H 2 SO 4 ; P 2 O 5 6-Hydro3iy-6-bromo-4,7-diincthyl*' 

coumarin 

H 2 SO 4 5-Hydroiy-6-brorao-3,4,7-tri- 

rnethylcoumarin 

HiSOi 5-Hydrory-4-melhyl-6(orB)-chloro- 

8(or 6)-propionylcoumaTin 

Aids 5-Hydroxy-4-melhyl-6-acetyl- 

8 -bromocoumarin 


Yield 

% 


Refer- 

ence 

43 

43 

185 

185 

43 

43 

185 

117 


resorcinol 

4.6-Dimethyl- Ethyl acetoacetate 
resorcinol 

2-Metbyl- Ethyl acetoacetate 

4-ethyl- 
resorcinol 

2-Methyl- Ethyl acetoacetate 

4-propyl- 
resorcinol 

2-Ethyl- Ethyl acetoacetate 

4-methyl- 
resorcinol 

2-Ethyl- Ethyl acetoacetate 

5 methyl- 

resorcinol Ethyl a-methylacetoacetate 

Ethyl a-ethyUcetoacetate 

Ethyl a-propylacetoacetate 

2.4-Diethyi- Ethyl acetoacetate 

resorcinol 

4-Ethyl- Malic acid 

6 -melhyl- 

rcsorcinol Ethyl acetoacetate 

4,6-Dicthyl- Mabc acid 

resorcinol 


H 2 SO 4 5-Hydroxy-4,6,8-trimethylcoumaria 

H 2 SO 4 (80%) 7-Hydroxy-4,8-dimethyl-6-etbyl- 
coumarin 

H ^04 (80%) 7-Hydroxy-4,8-dimetbyl-6-propyl- 
coumarin 

H 2 SO 4 7-Hydroxy-4,6-<iimethyl-8-ethyl- 

coumarln 

H 2 SO 4 (73%) 7-Hydroxy-4,5-dimetbyl-8-etbyl- 
coumarin 

H 2 SO 4 (73%) 7-Hydroxy-3,4.5-trimethyl-8-etbyl- 
conmarin 

H 2 SO 4 (73%) 7-Hydroxy-3,8-dietbyl-4,5-di- 
melhylcoumarin 

H 2 SO 4 (73%) 7-Hydroxy-3-propyl-4,5-dimethyl- 
8 -cthylcoumarin 

H 2 SO 4 ; 7-Hydroiy-4-methyl-6, 8 -diethyl- 

C 2 HsONa coumarin 

H 2 SO 4 (85%) 7-Hydroxy-5-methyl-6-ethyl- 
coumarin 

H 2 SO 4 (85%) 6-Hydroxy-4,7-dimethyl-6-ethyl- 
coumaiin 

H 2 SO 4 (75%) 6 -Hydroxy- 6 , 8 -diethylcoumarin 


Ethyl acetoacetate HjSOi (75%) 

Ethyl cyclopcntanone-2-car- POClj 

boxy late 

Ethyl 4-mcthylcyclopenta- POClj 

none-2-carboiylate 

tXl. H2S0,OT%) 

rworonol Ethyl a-melhjWoarataU H.SO, ( 73 %) 

Kdc PtfetuK, H2-2H Kt listed on pp. 67-58. 


6- Hydroxy4-methyl-6, 8-diethyl- 
coumarin 

5-Hydroxy-6,8-diethylcyclopentcno- 

(l',2',4,3)-coumarin 

5-Hydroxy-6,8-diethyl-4'-methyl- 

cyclopenteno-(l^,2',4,3)-coumarin 

7- Hydroxy-4,5-dimethyl-8-propyl- 
coumariu 

7-Hydroxy-3,4,5-trimethyl- 

8 -propylcoumarin 


206 

22 


- 

23 

60 

180 

70 

207 

— 

207 

— 

207 

— 

207 

— 

208 

50 

209 

60 

209 

— 

210 

— 

210 

38 

91 

— 

91 

— 

207 


207 



THE PECHMANN REACTION 

TABLE II — Continued 

Condensations with Dihydric Phenols 


Product 

7-Hydroxy-3-ethyl-4,5-dimethyI- 

S-propylcoumarin 

7-Hydroxy-3,8-dipropyM,6-di- 

methylcoumariD 


45 


Phenol 

Acid or Ester 

Condensing 

Agent 

2-Propyl- 

Ethyl a-ethylacetoacetate 

HeSO, (73%) 

S-methyl- 

resorcinol 

Ethyl a-propylacetoacetate 

HjSOi (73%) 

(Coni’d) 

2,4-Dihy- 

Ethyl acetoacetate 

H2SO4 

droxy- 

5-ethyl- 

Ethyl acetoacetate 

AlClj 

benzoic acid 
Methyl 2, 4-di- 

Ethyl acetoacetate 

H2SO4 (73%) 

hydroxy- 

5-ethyl- 

Ethyl acetoacetate 

H2SO4 (80%) 

benzoate 

Ethyl acetoacetate 

AICI 3 

5-Methyl- 

Ethyl acetoacetate 

H2SO4 

resorcinol- 
2“Car boxy lie 
acid (p-or- 
Bellinicacid) 



Ethyl 

Malic acid 

H2SO4 

5-methyl- 

Ethyl acetoacetate 

H2SO4 

resorcinol- 

O^rbox- 

Ethyl acetoacetate 

AlClj 

ylate 

2,4-Dihy- 

Malic acid 

H2SO4 

droxy- 

3‘isoamyU 

benroicacld 

5-Methyl- 

Ethyl acetoacetate 

H2SO4: 

2-acetyl- 


H2SO4 

resorcinol 


(73%); 

(7*orca- 


POClj 

ceto- 

phenone) 

5-Mcthyl- 

Ethyl acetoacetate 

H2SO4 

6-acetyl- 

Ethyl acetoacetate 

POCI5 

resorcinol 

(/3-orcaceto- 

Ethyl acetoacetate 

AlClj 

phenonc) 

5-Methyl-2- 

Ethyl acetoacetate 

H2SO4 1 

propionyl- 

resorcinol 

5-Methyl- 

Ethyl acetoacetate 

H-SOi 1 

2-butyryl- 

resorcinol 

2-EthyI- 

Ethyl acetoacetate 

POCIj i 


Yield Refer- 
% ence 

— 207 


— 207 


4-acetyI- 

resorcinol 


6-Hydro)cy-4-methyl-8-ethylcou- 
marin-6-earbo%ylic acid 

15 

211 

5-Hydroxy.4-inethyl-8-ethylcou- 
marin-6-carboxylic acid 

24 

211 

Methyl S-hydroxy-I-methyl- 
8-ethylcouniarin-6-carboxyIate 

38 

12 

Methyl 5-hydroiy-4-methyl- 
8-ethyIcoumarin-6-earboxylato 

22 

211 

Methyl 5-hydroxy-4-methyI- 
8-ethylcoumarin-6-carboxylate 

49 

211 

7-Hydroxy-4,5-dimethylcoumarin- 

8-carboxylic acid 

32 

212 


S-Hydroxy-I-methylcoumarin t 
Ethyl 5-hydroxy-4,7.dinicthyl. 
coumarin-6-carboxyIate 

67 

00 

213 

213 

Ethyl 6-hydroxy.4, 7-dimethyl. 
coumarin-6.carboxylate 

30 

213 

7-Hydroxy-8-isoamylcoumarin. 

6-carboxylic acid 

41 

189 

5-Hydroxy-l,7.dimelhykoumarin { 


214 


■Mimethykouniarin { 


5-Hydroxy-4 
5-Hydroxy-4, 
coumarin 

S-Hydroxy-4,7Hiimcthyl-ft^celvl 

coumarin 
5-Hydrox>’-4 


.Mimclhyi„„^^. 

.7-<i.melhylcou„„i„ { 


5-Hydroiy-4,7-dimethylcouraari„ [, 

7-Hydroxy-4-niethyl^„(j,|_ 

8-ethylcoumarin 


— 17 

18 12 


— 17 


— 215 


24 154 


'ote: References 142-244 are listed on pp. 57-5S. 

A carbethoxyl group 'vas elinunated in the condensation. 
An acetyl group was eliminated in the condensatiox 
A propionyl group was eliminated in the condensation. 

A butyryl group was eliminated in the condensatiox 
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ORGANIC REACTIONS 


TABLE ll— Continued 

Condensations -with Dihydric Phenols 


CondtnaiDg 

Phenol Acid or Ester Agent Product 

i-Ethyl- Ethyl a-mcthyhcetoscetcle HjSOc (73%) 7-Hydrony-3.Wimethyl-^ethyl- 

o . , 8*acetylcoumarm 

rr^cinol Ethyl <«thylacetoacet»U HsSO, (73%) 7-HydrDiy-3,Wiethyl4-methyl- 

S-acetylcoumarm 

Ethyl a-propylacetoacetntc HjSO, (73%) 7-Hydtoiy-3-propyl-4-methyl- 

B-ethyl'S-acetylcoumarin 

Ethyl a-hutylacetoacetste HcSO, (73%) 7-Hydroiy-3-butyl-4-methyl- 

e-etbyl-S-acetylcoumarin 

Ethyl a-aUylacetoacetote H 2 SO 4 (73%) 7-Hydrory-3-aUyl-4-melhyl- 

B-ethyl-S-acetylcoumarin 

Ethyl benioylacetate HjSOe (73%) 7-Hyaroiy-4-phenyl-6-ethyl- 

8-acetylcoumariii 

4-Etbyl- Ethyl acetoacetate POCij 5 -HydrDxy- 4 -methyI- 6 -acetyl- 


Yield 

Refer- 

% 

ence 

75 

55 

70 

55 

70 

55 

- 

55 

50 

55 

80 

55 


12 


6 -acetyl- 

resorcinol 

Ethyl acetoacetate 

AlCli 

8 -cthylcoumarin 

5-Hydroxy-4-methyl-6-acetyl- 

39 

117 

4-Ethyl- 

Ethyl acetoacetate 

H 2 SO 4 

S-ethylcoumarin 

7-Hydfoxy-4-methyl-6-ethyl- 

- 

215 

2 -bcnioyl- 

reeorcmol 

Ethyl acetoacetate 

H 2 S 04 03%) 

S-benioylcoumarm 

7-Hydroxy-4-metbyl-6-ethyl- 

66 

207 

2,4-Dietbyl- 

Ethyl acetoacetate 

AlCls 

S-bentoylcoumarin 

7-Hydroxy-4,5-dimethyl-6,8-di- 

- 

207 

6 -metbyl- 

lesorcinol 

4,ft-Dielhyl- 

Malic acid 

H 2 SO 4 (85%) 

ethylcoumarm 

5-Hydroxy-6,8-d\ethyl-7-methyl- 


209 

6 -methyl- 

resorcinol 

Ethyl acetoacetate 

HjSOe (85%) 

coumarm 

5-Hydfoiy-4,7-<iimethyl*6,8-di- 

— 

209 

Hydroqulnone Malic acid 

H 2 SO 4 

ethylcoumarin 

6 -Hydroxy coumarm 

Poor 

39 

148,21' 

108,21 

J 


Ethyl acetoacetate 

H 2 SO 4 

6-Hydroxy-4-inethylcoumarin 

20-34 


Ethyl a-methylaceloacetate 

H 2 SO 4 

6-Hydroxy-3,4-dimethylcouinarin 

3 


Ethyl a-methylacetoacetate 
Ethyl a-ethylacetoacetate 

P 1 O 5 

AlClj 

B-Hydroiy-2,3-dimethylchromone 

6-Hydroxy-3-ethyl-4-methylcou- 

30 

4 

207 


Dietbyl acetooedicarboiylate HjSOi 
Diethyl oialacetaU H 2 SO 4 

Ethyl cyclobexanoQe-2-car- H 2 SO 4 
boxylate 

Ethyl 1-metbylcydobeian- 
3-OQe-4-carboxylate 


marm 

Ethyl 6-bydroxycoumaria-4-acetate Poor 

Ethyl fr-hy(Jroxycoumaria-4-car- 
boxylate 

6-Hydroxy-3,4-cyclobexenocou- 

marlo 

6-Hydroxy»5-metbyl-3,4-cyclo- 2 

bexeDOCQumarin 


Hydro- Ethyl acetoacetate H 2 SO 4 (73%) 6 -Hydroiy 4 -methylcoumarm 30 

quiQODe 

diacetate 

Hydro- Ethyl o-methylacetoacetate H 2 SO 4 8-Methoay-3,4-dimethylcouniariB Poor 

qtUQone 
mono- 
methyl 
ether 

^’d^ntaL H, 304 ( 73 %) d-Hydroay-d-methyW-chlorocou- 

droauinoTie Ettf *1 H 2 SO 4 (85%) 6-Hydroxy-7-methylcouniarin 

dtoqmnon. E hy acetoacetate H 2 SO 4 ( 73 %) ft-Hydroiy-dJ-dimethylcoumario 

Ethyl o-methylacetoacetate HjSOe (73%) 6 -Hydroiy- 3 , 4 , 7 -trimethylcou- 

Eth>'lc«thylacetoacetate H 2 SO 4 (73%) 6-^roiy-3-etbyl-d,7-dimethyl- 

Jfcle.- Kefereace, 142-244 are hated on pp. 67-58- 


HjSOi (73%) 6-Hydroxy-4-metbyl-7-chlorocoii- 
rnarin 
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TABLE II — Continued 

Condensations with Dihydric Phenols 


Acid or Ester 

Condensing 


Yield 

Refer- 

Agent 

Product 

% 

ence 

2-Methylhy- Ethyl a-propylacetoacetate 

H 2 SO 4 (73%) 

6-Hydroxy-3-propyl-4,7-dimethyl- 

20 

5G 

droquinone 

(Coni' d) Ethyl benzoylacetate 

H 2 SO 4 (73%) 

coumarin 

6“Hydroxy-4-phenyl-7-methyI- 

45 

56 

2-Ethylhy- Ethyl acetoacelate 

H 2 SO 4 (73%) 

coumarin 

6-Hydroxy-4-methyl-7“etbylcou- 

45 

56 

droquinone 

Ethyl a-methylacetoacelate 

H 2 SO 4 (73%) 

marin 

6-Hydroxy-3,4-dimethyl-7-ethyl- 

40 

56 

Ethyl a-ethylacetoacetate 

H 2 SO 4 (73%) 

coumarin 

6-Hydf oxy-3 ,7-diethyl-4-methyl- 

35 

56 

Ethyl a-propylacetoacetate 

H 2 SO 4 (73%) 

couEoarin 

6-Hydroxy-3-propyl-4-methyl- 

5-10 

56 

Ethyl benzoylacetate 

H 2 SO 4 (73%) 

7-ethylcoumarin 

6-Hydroxy-4-phenyl-7-ethylcou- 

15 

56 

2-Amylhydro- Ethyl 1-methylcyclohexan- 

H 2 SO 4 

marin 

6-Hydroxy-5-methyI‘7-amyl- 

— 

36 

quinone 3-one-4“carboxylate 

Trimethylhy- Ethyl acetoacetate 

P 2 O 5 

3 , 4 -cyclohexenocoumarin 

6-Hydroxy-2,5.7,8-tetramethyI- 

17 

220,221 

droquinone 

Ethyl a-methylacetoacetate 

P 2 O 6 

chromone 

6-Hydroxy-2,3,5.7,8-pentamethyl- 



10 

221 


chromone 


Note: References 142-244 are listed on pp. 57-58. 

TABLE III 


Phenol 

Pyrogallol 


Condensations with Tbihydric Phenols 


Coadenslog 


Acid or Ester 

Agent 

Malic acid 

H 2 SO 4 

Ethyl acetoacetate 

H 2 SO 4 

Ethyl acetoacetate 

FsOj 

Ethyl acetoacetate 

H 3 FO 4 

Ethyl acetoacetate 

FeCls: TiCU 

Ethyl acetoacetate 

SdCU 

Ethyl a-chloroacetoacetate 

H 2 SO 4 

Ethyl a-chloroacetoacetate 

F 2 O 6 

Ethyl a-methylacetoacetate 

H 2 SO 4 

Ethyl a-methylacetoacetate 

F 2 O 6 

Ethyl a-ethylacetoacetate 

H:S04 

Ethyl a-allylacetoacetatc 

FOOD 

Ethyl a-allylacetoacetate 

HCl 

Ethyl a-(a-hydroxj'-^.0./5- 

H;S04 (78%) 

trichloroethyDacetoacetate 

Ethyl or-(a-hydroxj''^4^»^ 

FOCI 3 


trichloroethyDacctoncetato 


Product 

7.8- Dihydroxycouinarin 

7.8- Dibydroxy-4-methylcoumarin 

7.8- Dibydroxy-4'mcthylcoumarin 

7.8- Dibydro;cy'4-methylcoumarin 
7 8-Dihydroxy-4-methylcoumarin 

7.8- Dibydroxy-4-inethylcoumarin 

7.8- Dibydroxy-3-chloro-4-raethyl- 
coumarin 

7.8- Dibydroxy-3-cbloro-4-mclhyI- 
coumarin 

7.8- Dihydfoxy-3,4-dimethylcou- 
marin 

7.8- Dihydroxy-3,4-dimetbyIcou- 
marin 

7.8- Dihydroxy-3-€thyI'*4-racthyl- 

coumarin 

7.8- D!bydroxy-3-all>’M-mcthyl. 
wumarin 

7.8- Dihydrox>'‘3-0-chloropfopyl). 
4 -mclhylcouraariQ 

7.8- Dihydrox>*-3-(a-hydroxy./Jj5,/}. 

trichlorocthyl)-4-mctbyIcouinrirlri 

7,S-Dihydror>'-3-C«-hydfoxy^./3,/‘i. 

tnchlorocthyl)-4-mclbylcouraarin 


Vinlil 

llefrr. 

% 

I'llUO 

1 

32 

:i:i, 107 

— 

127 

— 

128 

Quant. 

128 

50 

;i2 

-- 

33 

31 

107 

I’nor 

33, 107 

- 

33 

m 

70 

47 

124 

20 

72 


Q'nfjt 72 


NoU: References 142-244 are listed on PP. 57-58. 
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ORGANIC REACTIONS 


TABLE III— Continued 


Condensations -with Trihydric Phenols 


Phenol 

Acid or Ester 

Condensing 

Agent 

2,4-Dihy- 

Ethyl acctoacetate 

H5SO4 

droiyanisole 

Hydroiyhy- 

droqulnone 

Malic acid 

H1SO4 (97%) 

Ethyl acctoacetate 

H5SO4 

triacetate 


(73- 

Diethyl oxalacetate 

75%) 

ZnCle 


Ethyl hydroxymcthylene 

H2SO4 (80%) 

phenylacelate 

Phloroakcmol Ethyl acctoacetate 

H2SO4 


Ethyl acetoacetate (3 molesl 

HjS04 


Ethyl acetoacetate 

PiOs 


Ethyl acctoacetate 

H3PO4 


Ethyl acetoacetate 

FeClj 


Ethyl acetoacetate 

SnCU 


Ethyl a-chloroacetoacetate 

H2SO4 


Ethyl a-chloroacetoacetate 

P2O6 


Ethyl a*mcthylacetoacetate H2SO4 


Ethyl a-ethylacetoacetate 

(75%); 

P2O5 

H2SO4 


Ethyl a*allylacetoacetate 

(73%); 

PiOj 

H2SO4 


Product 

7-Hydrony-6-methoxy-4-roethyl- 

coumarin 

6.7- Dihydroxycouniarm 

6.7- Dihydroiy-4-inetljylcouinarm 

Ethyl 6,7-dihydroxycoumarm- 
4-carboxylate 

6.7- Dihydroxy-3-phenylcoumarin 

5.7- Dihydro^-4-methylconmarm 
Trimelhyltricopmariii 

5.7- Dihydroxy-4-mcthylcoumarin 

5.7- Dihydroxy-4-methylcomnaTm 

5.7- Dihydtoiy-4-inethykoumarm 

5.7- Dihydtoiy-4-methykomiiarm 

5.7- Dlhydroxy-3-chloTO-4-methyl- 

coumarm 

5.7- Dihydroay-3-chloro-4-inelhyl- 

coumarin 

5.7- Dihydrcay-3,4-dimethykou- 

marin 

5.7- Dihydroxy-3-ethyl-4-melhyl- 
coumarm 

5.7- D»hydroiy-3-allyM*methyl- 


Tield 

% ence 

_ 226 

30 227 

92 60, 219 


24 

228 

_ 229 

10 170 

_ 101 

_ 127 

66 128 

78 128 

37 26 

_ 33 

_ 101 


46 101 


72 70 


Ethyl a-allylacetoacetate 

HCl 

coumarm 

5,7*Dihydrosy*4-methyl-3*(P“Cbloro- 

- 

124 

Ethyl a-(o-hydroiy-fl,0,fl- 

PiOe 

propyl)couiiiariii 

5,7-Dihydroxy-3-(a-hydroxy-P,0,p- 

Poor 

72 

trichloroethyllacctoacetate 
Ethyl cr-(a*hydroiy*p^,6- 

POClj 

trichloroethyl)-4-methylcouniaria 

5,7-Dibydroxy-3-(a'hydroxy-p,0,p- 

29 

72 

UichloroethyDacetoacctate 
Ethyl a-phenylacctoacetate 

ZaCIt 

trichloroethyl)-4-methylcoumarin 

5,7-Dihydroxy-3'phenyl-4-methyl- 

- 

105 

Ethyl o-beniybcetoacetate 

H23O4 

coumarin 

6,7-Dihydroxy-3-beDzyl-4-methyl- 

- 

105 

Ethyl a-hcnzylacetoacclate 

POClj 

coumarin 

5,7-Dihydroxy-3-bcnzyl-4-methyl- 

— 

172 

Ethyl c-o-carboiybenzyl- 

HCl 

coumarin 

5,7-Dihydroxy-3-o-carboxybenzyl- 

Good 

79 

acetoacetale 

Diethyl tertorjccioate 

HjSO* 

4-methylcoumariii 

Ethyl 6,7-d\hydroxy-4-methyl- 

— 

179 

Diethyl acetoFJCcicate 

couniarin-3-acetate 

HjSOi (80%) 5,7-Dihydroxy4-methylcoumarin 



34 

Di'thyl acetoraccinate 

POClj 

Ethyl 5,7-dihydroxy-4-methyl- 

91 

34 

Diethyl o-acctyUlutarate 

HtS04 

coumarin4-ace tate 
5,7“DihydrDX>’-4-mcthylcouciarin- 

32 

77 

Ethyl phthalyUcctcacetate 

(toned, and 8-propiomc acid 

78%) 

^Cl 5,7*Djhydroiy'-4-melhylcoumarin- 


79 

Ao*tore4icarboiyUc acid 

RjSO, 

3-beiizoyl-o-carbox>'Uc acid 
5,7-Dihydroiycoumarin-4-acetlc 

— 

26 

Ethyl b:;tjTcricetate 

HjSO, 

add 

(75%) 5,7-Dihydroiy-4-propylcoumarln 


35 


.Vjt-.- IV'-na-ra va liW m pp, 57 -S 9 . 
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TABLE III — Continued 


Pheno! 

Condensations with Tbihydric Phenols 

Condensing 

Yield Refer 

Acid or Ester 

Agent 

Product 

% 

ence 

Phloroglucinol 

Ethyl benzoylacetate 

P 2 O 5 

5,7-Dihydroxy-4-phenylcoumarin 

— 

101 

(Conftf) 

Ethyl benzoylacetate 

ZnCl2 

5,7-Dihydroxy*4-phenyIcoumarin 

— 

222 


Ethyl a-benzylbenzoylacetate ZnCh 

5,7-Dihydroxy-3-benzyl-4-phenyl- 

coumarin 

85-90 105 


Ethyl 3,4,5-trimethoxy- 
benzoylacetate 

H 2 SO 4 (73%) S.r-Dihydroxy-^-CS^^'.S'-trimeth- 
oxyphenyDcoumarin 


223 


Ethyl ‘yphenylacetoacetate 

H 2 SO 4 
(coned, 
and 80%) 

6,7-Dihydroxy-4-benzylcoumariD 


80,81 


Ethyl cycIopentanone-2-car- 
boxylate 

POCI 3 

5,7-Dihydroxycyclopentcno- 

(P,2',4,3)-coumarin 

55 

91 


Ethyl 4-methylcyclopenta- 
none- 2 -carboxyIate 

POCI 3 

5,7-Dihydroxy-4-methylcyclo- 

pent€no-(l',2',4,3)-coumarin 

— 

01 


Ethyl cyclohexanone-2-car- 
boxylate 

POCI 3 

5,7-Dihydroi>’cyclohexeno- 

(P,2',4,3)-coumarin 

— 

124 


Ethyl 4-methylcyclohexa- 
none-2-carboxylate 

POCI 3 

S,7-Dihydroxy-4-methylcyclo- 

hexeno-(l',2',4,3)-coumarin 


97 


Ethyl S-methylcyclohexa- 
none-2-carboxylate 

HjSOj: 

POCI 3 

5,7-Dihydroxy-5 -methylcyclo- 
hexeDO-(r,2',4,3)-coumarin 


97 


Ethyl 5-metbylcyclohexa- 
none-2-carboxyIate 

ZnCl2 

3,4-Tetrahydro-4 -methylbenzo- 
5,7-dthydroxycoum8rin 

75-80 

94 


Ethyl 6-methylcyclohexa- 
none-2-carboa:ylate 

POCI 3 

5,7-Dibydroiy*6-methylcyclo- 

hexeDO-(l',2',4,3)'Couinarin 


97 


Ethyl tran3*;3*decalone- 
3-carboxylate 

H 2 SO 4 

5,7-Dihydroxy-frans-octaIino- 

(2',3',4,3)-coumarin 

" 

97 


Ethyl ^-coumaraDone-2-car- 
boxylate 

HCI 

5,7-DihydroxycouiDaroDO-(2',3',3,4)- 

coumarin 


100 


Ethyl 5-methyl-^l-coumara- 
none-2-carboxylate 

HCl 

5,7-Dibydroxy-5 -methylcoumarono- 
(2',3',3,4)'Coumarin 


100 


Ethyl 6-methoxy-;3-coumara- 
none-2-carboxylate 

HCI 

5,7-Dihydroxy-6'-methoxycouma- 

roDO-(2',3',3,4)-coumarin 


100 


Ethyl 3-hydroxy-7-methoxy- 
3“chromene-4-carboxyIate 

HCl 

5,7-Dihydroxy-7-raethoxychro- 

tneDO'(3',4',4,3)-coumarin 


99 


Ethyl 3-hydroxy-8-methoxy- 
3-chromene-4-carboxylate 

H 2 SO 4 

(85%);HC1 

5,7-Dihydroxy-8-methoxychro- 

mcno-C3',4'.4,3)-coumarin 

Ompure) 


99 


Ethyl 3-hydroxj'-6,7-dimeth- 
oxy-3-chromene-4-car- 
boxylate 

H 2 SO 4 (85%) 

5,7-Dihydrox>'-6',7'-dimcthoxy- 

chromeno-(3',4',4,3)-coumarin 

(impure) 


99 

Phloroglucinol 

moDO' 

methyl 

ether 

Ethyl acetoacelate 

H 3 PO 4 

5-Hydroxy“7-methoxy-4-methyl- 
coumarin and 7-hydroxy-5-meth- 
oxy-4-methylcoumarin 


230 

Phloroglucinol 

Ethyl aceloacetate 

P 2 O 5 

5,7-Dimethoxy-4-methylcoumarin 

70 

101 

dimethyl 

Ethyl acetoacetate 

H 1 PO 4 

5,7-Dimcthox>’-4-methylcoumariD 

63 

230 

ether 

Ethyl a-methylacetoacelate 

F20i 

5,7-Dimethox}'“3,4-dimethylcou- 

marin 


101 


Ethyl a-benzylacetoacetate 

F 2 O 5 

5,7-Dimethoxj'-3-beniyl-4-methyl- 

coumarln 

18 

231 


Eth)’l a-p-methoxj'benz3’I- 
acetoacetate 

P 2 O 5 

5,7,4 -Trimethoij’*3-benzyM-mcth- 
ylcoumarin 

11 

231 

Methyl- 

phloro- 

glucinol 

Malic acid 

H 2 SO 4 

Isolated as 6,7-dimethoxj'-S-methyl- 
coumarin and 5,7-dimethoiy- 
6-niethyIcoumaria after mcthyla- 
lion 

11 

2 

232 


Nolc: References H2-244 arc listed on pp. 67-58. 
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ORGANIC REACTIONS 

TABLE lll—Contimied 

Condensations with Trihydric Phenols 


Phenol 
Methyl- 
pbloto- 
glucinol 
(Coni’ cT) 
Dimethyl- 
phloro- 


Acld or Eeter 
Ethyl acetoacetate 


Ethyl acetoacetate 


Condens'mg 

Agent 

HaSOi 


H 2 SO 4 


Product 

6,7-Dihydroxy-4.6-(or 8)-dimetliyl- 
coumarin 

6j-Dihy(iroxy*4,6,8’triniethyl- 

coumarin 

Methyl 5,7-dihydroxy-4-methyl- 
couinarm-6(or 8)-carhoxylalc 
Methyl 5,7-<iihydroxy-4-methyl- 
courDarm-6(or 81 -carboxylatc 

5.7- Dlhy(iroxy-4-methyl-6(or 8)- 

acetylcoumarin 

5.7- D\hydroxy-4-methyl-6(of 81- 
acetylcoumarin 

5.7- Dlhydroxy-4-methyl-6(or 8)- 
benzoylcoumarin 

Note: Reletences 142-244 are listed on pp. 57-58. 

TABLE IV 

Condensations with Naphthols * 


Yield 

% 

95 


Refer- 

cnee 

58 


58 


glucinol 

Methyl 

Ethyl acetoacetate 

H 2 SO 4 (80%I 

phloro- 

glurinol 

carboxylate 

Ethyl acetoacetate 

AlClj 

H 2 SO 4 

Phloroaceto- 

Ethyl acetoacetate 

phenone 

Ethyl acetoacetate 

Aids 

Phlotobenzo- 

Ethyl acetoacetate 

HjS04 (85%) 

phenone 




47 

44 


18 


59 


59 


207 


Phenol 

o-Kaphthol 


Acid or Ester 
Malic acid 
Ethyl acetoacetate 
Ethyl acetoacetate 

Ethyl acetoacetate 
Ethyl acetoacetate 
Ethyl acetoacetate 

Ethyl a-chloroacetoacetate 

Ethyl a-chloroacetoacetate 

Ethyl or-methylacetoacetate 


Ethyl o-methylacetoacetate 
Ethyl a-ethylacetoacetate 

Ethyl a-propylacetoacctate 

Ethyl o-isopropylaceto- 
acetate 


CondeoBuxs 

Agent 

H 2 SO 4 

H^Oi 

H 2 SO 4 

(8a-847o> 

P 204 

HCl 

H 5 PO 4 ; 

CHjCOsT^a 

H 2 SO 4 

PzOa 

H 2 SO 4 
(coDcd. or 
84%) 
P 1 O 4 
H 2 SO 4 


H 2 SO 4 

H 2 SO 4 


Product 
o-Kaphthacoumarin 
4-M e thyl-o-naphthacoumarin 
4-Melh)'l-l ,2,a-naphthBpyTODe 

i-Melhyl-l.S.a-naphthapyrone 
4-McthyM ,2.a-naphthopyrone 
4-Mcthyl-l .2,a-naphthBpyrone 

8-Chloro-4-melhyl-l ,2 .ot-naphtha- 
pyrone 

3-Chloro-4-Tncthyl-l,2,oc-Tiaphtha- 

pyrone 

3,4-Dimethyl-o-naphtbacoumariii 


3,4-Dimethyl-ct-naphthacouinann 

3-Ethyl-4-melhyl-cr-naphthacou- 

marin 

3-Propyl-4-methyl-l,2,a-naphtha- 

pyrone 

3-Isopropyl-4-methyl-l ,2,a-naph- 
thapyrone 


Yield 

Refer- 

% 

ence 

■ 

233 

60 

233,234 

85- 

108,166 

Quant. 

18 

33,108 

93 

123,234 


127 

Good 

26, 159 


_ 33 

_ 33,75. 

108 


33 

30 


33, 108 
233 


__ 33 


— 33 


N ot< : Ecferencca 142-244 ate listed on pp. 67-68. 

• The coumarins and chromones derived from naphthols have been called a- or p-naphthacoumarins or a- or p-napht a 
chromones by various Ttorkers. These names are inappropriate as they do not convey the proper idea of the structure 
of these compounds. The names l,2,a-naphthapyTone and l,4,a-naphthapyrone for the coumarins and chromones* 
re^clivcly, from o*naphthol and 1.2,|5,a-naphthapytone and l,2,0,j5-naphthapyrone for the coumarins from ^-napht 0 . 
and l,4.p.o-naphthapyTone and l,4,0,p-naphthapyrone for the chromones from 0-naphthol as suggested by D®y 
lAk.OiTnmarayan (ref. 110) are rational. However, in order to avoid confuaon, the original names as pven by the authors 
are given in the tables. 
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TABLE IV — Continued 

Condensations with Naphthols 


Phenol 
a-Naphthol 
{Coni' i) 


4>Chloro» 

o-naphthol 


Acid or Ester 
Ethyl or-allylacetoacetate 

Ethyl a-allylacetoacetate 

Ethyl a-(a-hydroxy-^,/?,j5- 
trichloroethyl)acetoace- 
tate 

Ethyl oc-phenylacetoacetate 

Ethyl o-benzylacetoacetate 

Ethyl a-benzylacetoacetate 

Diethyl acetosuccinate 

Diethyl acetosuccinate 

Diethyl acetosuccinate 

Diethyl acetosuccinate 

Diethyl acetosuccinate 

Diethyl a-acetylglutarate 

Diethyl a-acetylglutarate 

Ethyl 7 -bromoacetoacetate 

Acetonedicarboxylic acid 
Diethyl oxalacetate 

Ethyl butyroacetate 
Ethyl o-benzylbenzoyl- 
acetate 

Ethyl 7 -phenylacetoacetate 
Ethyl c3'clopentanone-2-car- 

boxylate 

Ethyl 4-methyIcycIopenta- 
none-2-carboxylate 
Ethyl cycIoheianone-2-car- 

boxj’latc 

Ethyl 4-methyIcyclohex3“ 
none-2-carboxj’late 
Ethyl 5-methyIcycIoheia- 
none-2-carboxylate 
Ethyl 6-mcthylcycIohei3- 
none-2-carboij'late 

Ethyl trcrw-^ecaloac- 
3-carbotyhte 
Malic acid 
Ethyl acctoacctate 


Condensing 

Yield 

Refer- 

Agent 

Product 

% 

ence 

H 2 SO 4 

3-AlIyl-4-methyl-5,6-naphtha- 

ot-pyrone 

80 

70 

HCI 

3-^-Chloropropyl-4*methyI- 

5,6,a-naphtha-I,2-pyrone 

— 

124 

POCI 3 

4-Methyl-3-(o-hydroxy-^,^,^-tri- 

chloroethyl)-l,2,a-naphthapy- 

rone 

26 

72 

H2S04 

3-Phenyl-4-metbyl-l,2,a-naphtha- 
pyrone t 

“ 

104 

H 2 S 04 

3-Ben2yM-methyl-l,2,a-naphtha- 
pyrone t 


102 

POCIs 

3-Ben2yl-4-methyM ,2,a-naphtha- 
pyrone 


172 

H 2 SO 4 

Ethyl 4-methyl-I,2,a-naphtha- 
pyrone-3-acetate 

24 

34. 76, 

70 

H 2 SO 4 (80%) 

1 4-Methyl-I,2,a-naphthapyrone- 
8>acetic add 


34 

P 2 O 6 

Ethyl 4-inetbyM,2,Q(-naphtha- 
pyrone-3-acctate 

“ 

34 

POClj 

4 .MethyH. 2 ,a-naphthapyrone- 
3*acetic acid 

40 

34 

AlClj 

4-MethyI-l,2.a-n3phthapyroDe- 
S'scetic acid 


34 

H 2 SO 4 

Ethyl 4-methyl-l,2,a-Dapbtha- 
pyrone^'Pfopionate 

27 

77 

H 2 SO 4 (78%) 

4-Metbyl-l,2,cr-Dapbthapyrone- 
3-propionic add 


77 

H 2 SO 4 

4-BroroomctbyM,2,a*n3pbtha- 

13 

83 

H 2 SO 4 

pjTone 

l,2.<r-Napbthap>Tone-4-acctic acid 

Good 

26 

H 2 SO 4 

Ethyl a-n3pbtbacoumariD-4-car- 
boxylato 


233 

H 2 SO 4 (75%) 

tt-Napbtha-4-propyl-ff-pyrone 

— 

35 

H 2 SO 4 : 

SnCl4 

3-BenxyI*4-pbeDyl-l,2,a-naphtha- 

pyrone 


103 

H 2 SO 4 (80%) 

a-NBphtha-4-bcnsyl-a-p>Tone 

— 

81 

H 2 SO 4 

CyclopeDteno-(l',2',43)-li2,«* 

napbthapjTonB 

71 

91 

H:S04 

4t.MethylcyclopeDtcno*(r,2',4;i)- 
I 2.a-D3pbtb3p>Tone 


91 

H 2 SO 1 

O.I-Teli-ahjdrobenjoMphlln- Quant. 

coumaHn 

94 

H;S04 

4'-MctbyIcydohcieno-{r,2'.4,3)- 

l^,o-n3phthapjTor»« 


97 

HiS04: 

pOClj 

5'-^^ethylcyclohexenl>•(1^2^4.3)- 

I4*,<»-C3pblb3p>70ne 


97 

POCIi 

6*-MethylcycIobMSDO-( 1 '^^',4,3 
1 . 2 /»-ti»phthapyrone 

— 

97 

H;S04 

fra»»OrtaliRO-{2',3 ',4,3)- 1 ,2,a* 

napblhapjToae 

— 

97 

JI;S04 

&4rhl3rt>-!,2,n3*r-apblh»p>Tone 

— 

Cl 

ItisOi 

(PChl 3ro-4-m» t by i- 1 ,5-n 1 pb - 
ihapyro'^c 

01 

Cl 


^cU: Refcrtncw 142-214 are listed oa pr* 5' U eozzpousd U iccorrcct; rtfs, 105, l&d. 

t The l,4,o-caFhtbap)TOOe ftruclurr orir-^a. 
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Phenol 

4 -Chlorch 

o-naphthol 

(CoTU’tO 


TABLE IV— Continued 

Condensations with Naphthols 

Yield 

Refer- 

Condensing 

Acid or Ester Agent 

Product 

% 

ence 

61 

Ethyl acetoacetate P 2 O 6 I 

CjHsONa; 

CHaCOiNa 

Ethyl a-chloroacetoacetate H 2 SO 4 ; P^Oa 

6 .Chloro- 4 -methyH, 2 ,o(,P-naph- 

tbapyrone 

3 ,&*Dichlort>- 4 -methyl-l, 2 ,a,p- 

napbtbapyrone 

48 

61 

61 

Ethyl a-methylacetoacctatc H 2 SO 4 

Ethyl a-methylacctoacetate P 2 O 6 

6 -Chloro- 3 , 4 -dimethyl- 1 . 2 ,a, 3 - 

naphthapyrone 

6 -Chloro- 2 . 3 -dimethyU, 4 ,a,d- 

61 

Ethyl o-ethylacetoacetate H 2 SO 4 

napMhapyione 

6 -CUoro- 3 -ethyl- 4 -methyl- 

— 

61 

Ethyl a-ethylacetoacetate P 2 O 5 

l, 2 ,a,P-naphtliapyro®e 

6 -Cbloro- 2 -metliyl- 3 -ctliyl- 

- 

61 

Ethyl a-propylacetoacctate H 2 SO 4 

l, 4 ,a,d-nppMhapyrone 

6 -Chloro- 3 -propyl- 4 -methyl- 

- 

61 

Ethyl a-propylacetoacetate P 2 O 5 

l, 2 ,ti,d-iiaplithapyroiie 

6 -Cldoio- 2 -nicthyl- 3 -propyI- 

- 

61 

Ethyl a-lsohutylacetoacetate H 2 SO 4 

1 , 4 ,a,?-ii!iphthapyrone 
frEhlor(> 3 -i 8 obutyl- 4 -methyl- 

- 

61 

Ethyl a-isohutylacetoacetate P 2 O 6 

l, 2 ,a. 3 -Mplithapyrone 

6 -Cldoti>- 2 -methyl- 3 -iso')\ityl- 

- 

61 

Ethyl a-phenybcetoacetate H 2 SO 4 

l, 4 ,ct,p-impMhapyrone 

6 -Cbloroa-phenyl- 4 -®et'>S''‘ 

- 

61 

Ethyl a-beniylacetoacetate H^SOi 

l, 2 ,a,| 3 -naphthapyione 

6 -Chloro- 3 -benzyl- 4 -melhyl- 

- 

61 

Diethyl acetosuccinate H 2 SO 4 

l, 2 ,o,p-napbthapyrone 

Ethyl 6 -cldoio- 4 -methyl-l, 2 .a,d- 

- 

61 

Diethyl acetosuccinate H 2 SO 4 

nsphthapyTone- 3 -ac 8 tate 
Ethyl 6 -cldorCH 4 -methyl-l, 2 ,a,P- 

- 

42 


H2SO4 

H2SO4 


4 -Broino- 

a-naphthol 


4-A.wtyl* 

Q-napblhol 

4-T^^oayV* 

e*naphlhol 

^-Butyryl- 

o^aphthol 


Diethyl acelosucclnate 
Acelonedicarboiylic acid 
Ethyl bcnioylacetate 
Ethyl acetoacetate 
Ethyl a-methylacetoacetate H 2 SO 4 
Ethyl a-methylacetoacetate 
Ethyl a-beniylacetoacetale H 2 SO 4 
Ethyl acetoacetate 


6 -Chloro- 4 -mettyl-l, 2 ,a. 3 -“»P''' 
thapyTone- 3 -acetic acid 

HjSO, ( 80 %) 6 -CUoio- 4 -methyl-l, 2 ,ot,P-naph- 
tbapyrone-S-acetic acid 

6 -Chloro-l, 2 ,c.,^naphthapyrone- 

4 -acetlc add 

B-Chloro- 4 -phenyl-li 2 ,a,p-naph- 

tbapyrone 

H 2 SO 4 ; PiOft 6 -Bromo- 4 -methyl-l, 2 ,a,p-naph- 

thapyrone 

6-Bromo-3,4-dlmethyl-l,2,o,p- 

naphthapyrone 

6 -Bromo- 2 , 3 -dlmethyl-l, 4 ,a, 3 - 
naphthapyrone 
6 -Bromo- 3 -l)enzyl- 4 -methyl- 
1 , 2 ,a, 0 -iiaphthapyrone 
4 -Methyl-l, 2 ,a-naphthapyrone X 


Ethyl acetoacetate 
Ethyl acetoacetate 

Ethyl acetoacetate 
Ethyl acetoacetate 


H2SO4; 

POClj 

AlClj 

H2SO4; 

POClj 

AlCl, 

POCI 5 


4-Methyl-l,2,a-naphthapyrone X 
4-hIethyl-l,2,a-iiaphthapyTone § 

4-Methyl-l,2,a-naphthapyroae § 
4-Methyl-l,2,a-naphthapyrone H 


42 

61 

61 

61 

61 

61 

61 

12 

117 

12 

117 

12 


Kelt: Rerercaets 112 - 2 U are listed on pp. 57 - 58 . 

« An acetyl group was eliminated In the condensation. 

I A propioayl group was eliminated in the condensation, 
I A butyryl group was el imina ted in the condensation. 
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TABLE IV — Continued 

Condensations with Naphthols 


Phenol 


Condensing 


Yield 

Jtefer 

Acid or Ester 

Agent 

Product 

% 

ence 

P-Naphthol 

Malic acid 

HjSO, 

^-Naphthacoumarin 

Poor 

3D 


Ethyl acctoacetato 

HoSOi 

4-McthyUl,2,/3,a-Daphthapyrono 

20-39 

234,23 


Ethyl acctoacctalc 

HeSO, 

4-Methyl-l»2,^,a-naphthapjTone 
2-Metbyl-l,4,^,«-naphthapj’rone 
Gsolated as styryl deriv'ative) 

25 

Traces 

HO 


Ethyl accloaccbto 

H2S0< (S0%> 

4-MethyU),2,^,a-n5phthapyrone 

70 

155 


Ethyl acctoacetate 

P’Oj 

2-Methyl-l,4,^,a-naphthapyrone 

10 

110 


Etliyl acctoacetato 

CHjCOjNa 

4-Methyl-l,2.^,a-naphthapyrone 

2-Methy’I-l,4,^,a-naphthapjTone 


127 


Ethyl a-mcthylacctoacctatc 

HjSOi 

3,4-DimcthyI-l,2,i?,a-naphtha- 

pyrone 

— 

71 


Ethyl a-mcthylacctoacctatc 

PjOs 

2 , 3 -Dimethyl-l, 4 .^.a*n 3 phtha- 

pyronc 

— 

71 


Ethyl ot«cthylacctoacetate 

PsOs 

2-MethyI-3-ethyl-I,4,fta-naphtha- 

pyrone 

— 

71 


Ethyl a-propylacctoaceta(c 

PsOs 

2 -Methyl- 3 -propyl-I, 4 ,/S,a:-n 3 ph- 

thapyrone 


71 


Ethyl Q-isQpropylaccto- 
acetate 

P 2 O 4 

2-MethyI-3-iBopropyl-l,4.|9,a- 

naphthapyrooe 

— 

71 


Diethyl formylsuccinate 

HsSOj 

^-Naphthapyrone-3*acetio acid 

— 

76 


Diethyl acctosuccinate 

HsSOi 

4 «MethyI-^'Daphtbapyrone- 
S-acetic acid 

40 

34, 76 


Ethyl v-bromoncetoacetate 

HjSOi 

4-BroiDometbyl-/9-naphthapyroDe 

— 

8.3 


Acetonedicarboxylic acid 

HzSO^ 

4 , 3 ,^*napbtbapyTone-l»acetic acid 

— 

26 


Diethyl oxalacetate 

H 2 SO 1 

Ethyl 4,3,/3-DaphtbapyTone- 
carboxylate 


26 


Ethyl benzoylacetate 

P 2 O 6 

/S'Naphthoflavone 

30 

230 

1,5-Dihydroxy- 

napbtbaleae 

Ethyl cyclopentanone- 
2 -C 3 rboxyIate 

P 2 O 6 

CyclopeDteno*(P,2',2,3)-l,4-^,a- 

naphtbapyrone 


11 

Ethyl acctoacetate 

HCl 

6'-Hydrox}'-4-methyl-7.8-benzo- 

coumarin 

92 

2,17 


Ethyl acctoacetate 

AICI 3 

6'-Hydroxy'4'a3ethyl-7,8-benzo- 

coumarin 

78 

2, '17 


Diethyl a-acetylglutarale 

H 2 SO 4 

Diethyl 4,4 -dimethylnaphtha- 
dip>Tone-3,3'-dipropionate 


n;in 

Holz: References 142-244 are listed on pp. 57-58. 





TABLE V 

Condensations with Miscellaneous Compoundh 


Compound 

Acid or Ester 

Con- 

densing 

Agent 

Product 

1,2,3-Trihydroxy- 

Malic acid 

HeSO, 

6,7,8-TrihydroxycoumarIn • 

4-methoxybenzenc 
Lecanoric acid 

Malic acid 

H 2 SOJ 

5-Hydroiy-7-metbylcoiJrn.‘ir/^/ 

Thiophenol 

Methyl a-mcthylaceto* 

PzOs 

2,3-Dimethyl-I-thiocfiro;j|»>;j,; 

Thiotolcnol 

acetate 

Ethyl acctoacetate 

HzSO, 

4.6-Dime(hylth{ophf;fiO'f,2.^^^/^, 


'/i-M mUf. 

% I.IM 

'/Vi 

‘M 

V! '/A') 


V. 


Holt: References 142-244 are listed on pp. 57-58. 
• Demethylatioa took pbee during the reaction. 
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TABLE N— Continued 

CoNT)ENSATIONS mTH MlSCEUiAOTOUS COMPOUNDS 


Compound 

Add or Ester 

Con- 

densing 

Agent 

Ethyl 2-nethyl4-hy- 

Ethyl acetoacetate 

H2SO4 

droiytluophene- 

S-caxboiylate 

Ethyl o-methylaceto- 

H1SO4 


acetate 

Diethyl acetylsuccinate 

H2SO4 


yield Refer* 


Acelonedicarboij'lic acid H2SO4 


Product 

Ethyl 4.6-diinethyl-5-tluocoumarin- 
7-carbox>datc 

Ethyl 3,4,6-trimethyl-5-thiocou- 
inarm-7-carboxylate 
Ethyl 4,54imethyl-5-thio-7-car- 
bethox>’couiiiarin-3'acctate 
6-Methyl-7-carbethox>--5-tluocou- 

niariii-4-acetic acid 


% 

31 


ence 

65 



Ethyl txycloheianone- 
carboiylate 

H;SOj 

Ethyl 3,4-cyclohexeiiyl-&-nietbyl- 
5-tbiocouniariii-7-carboxylate 

7-Hydroiycouraarin 

Malic add 

HiSOi 

Coumaro*7,6(or 7,8)-a-p>TOQe 


hlalic add 

HjSO, 

Coumarmo-7,8/'“PyTone 

Coumarino-7,6,a-p>Tone 

7-Hydrory-4-m£lbyl- 

Malic add 


4-M€thylcouinarino-7,8,a-pyrone 

coumaria 

Malic add 

HjSO, 

4-Mctbylcouniaro-7,6(or 7,8)-<t“ 
pyrone 


Ethyl acetoacetate 

H,S04 

4,4'-Dimelhylcoumaro-7,6(or 7,8)-a- 
pyrone 


Ethyl acetoacetate 

H^04 

4,4'-Dimethylcouiiiariii<>*7,8,ct- 

7‘HydrQxy-3-chloro- 

4-cethyIcounaria 

Malic add 

H5SO4 

pyrone 

3-Chloro-4-mcthylcoumaro* 

7,6(7,8>-a-p>TODe 

5-Hydrciy-7-iaeth>d- 

Malic add 

H:S04 

7»Mctbylcoumaro*5,6,ofP>Tone 

CPUS ana 

S*H}Tlroi>'-4,7^iiin£th* Malic add 

HjS04 

4,7-Dimethylcouinaro*5,6,ot-pjTOiie 

ylcoucarin 

Ethyl acetoacetate 

H^04 

4,4',7-Trimethylcoumaro-5,6,cf 

S-Hrdroxy-3-chloro- 

4,7*dimethylcou- 

Malic add 

H5SO4 

pyrone 

3-Chbro-1.7-dimethylcouiDaro-5.6,< 

pyrone 

norm 

7 3-Dihj'droiycou- 
maria 

Malic add 

H^04 

8-Hydroxy CO umar 0-7 ,6, ot-pyrone 


7,^DibjTiroi)'-4-aetb- 

llcccrrana 

7.S-I>iydroiy- 

oriraria 

S.T-Diii-dr'aTy- 

i-mhi-hcrsaaria 

6'-Hjdroiy-4-zir*.hy!- 
7 .5-bfa j wisuria 

drarychraajLacc* 

7(rhHiir5ty.:.4,4. 

t*i=.#*hyV3.4-!iy- 

6 *l ! 


Malic acid 
Malic acid 

l>lalie add 

Elbj-l acctcacetate 
Mali; add 
Rtbyl acctoacetate 

Man; Kid 
Mail; acid 


HcSOi 

H:S04 

H:^0( 


HjSO* 

(S5rc) 

H2SO4 

ZnQ: 


H;S04 

HiSOi 


vy.-r- 


{ U7-C It tre o- S7-5?. 


S-Hydroxy-4-mcthylcouinarCH 

7,6,a-p5Tone 

8-Hydro r>’-3-cbloro-4-inethylcou- 
marO'7,6,a-pyTone 

5-Hydroxy-4-methylcoumaro-7,8.«* 
p>Toue or 7-hj'droxj’-4-methyl- 
coumro-S.G^pyrone 
4 ,4 -Diiaethyl-7,S,8\7'-coiiio^lrio- 

coumarin 

Dimethyldihydroij'pjTonocoumarin 

4 .6,6,8-Tetramcthyl-6.7-<lihydrO“ 
quioocoumarin 

4'^'-I>ihyTirt>-2'^'.7,6-furocouinarin 

(4'4^hydropsordca) 

4’^ -I>ihydro-8-hydroiy-2',3',7,&- 
furoccpimarin (4'p'-dibydfO- 
lacthotoxol) 


- 

65 

— 

65 

17 

65 

46 

65 

60 

63 

53 

62 
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30 

63 

15 

63 

30 

241 

50 

63 

65 

63 

15 

63 

20 

241 

40 

63 

55 

63 

- 
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60 
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- 
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51 

243 

30 

244 



THE PECHMANN REACTION 


57 


REFERENCES TO TABLES I-V 

’'‘SimonLs and Goldonzwcig, Dcr., 48, 1583 (1016). 

Mentzor and Alcunier, Bull, soc. chim. France, 11, 302 (1944) [(7. A., 40, 1832 (1946)]. 
Peters and Simonis, Bcr., 41, 830 (1908). 

Limaye, J. Indian Chem. Soc., 4, 159 (1927). 

Plant, J. Chem. Soc., 1933, 1586. 

Pechmann and Schwarz, Bcr., 32, 3696 (1899). 

de Benncville and Connor, J. Am. Chem. Soc., 62, 3067 (1940). 

“’Fries and Volk, Ann., 379, 90 (1911). 

Dey and Radhabai, J. Indian Chem. Soc., 11, 635 (1934). 

MilUer, Bcr., 68, 2202 (1925). 

Meunier, Mentzer, and Vinet, Hclv, Chim. Acta, 29, 1291 (1946). 

Buluigina, Maslohoina Zhirovoe Delo, 1934, No. 4, 43 [C. A., 30, 1776 (1936)]. 
Hantzsch and Lang, Bcr., 19, 1298 (1886). 

*“ Patel and Bokil, J. Univ. Bombay, 11, (pt. 3). 92 (1943) [C. A., 37, 5969 (1943)]. 

Auwers and Meissner, Ann., 439, 132 (1924). 

“’Alles, Icke, and Feigon, J. Am. Chem. Soc., 64, 2031 (1942). 

MePheo and Ball, J. Am. Chem. Soc., 66, 1636 (1944). 

Dey and Dalai, J. Chem. Soc., 123, 3384 (1923). 

‘'“Simonis, Ber., 60, 779 (1917). 

Flynn and Robertson, J. Chem. Soc., 1936, 215. 

‘“Adams and Mecornoy, J. Am. Chem. Soc., 67, 798 (1945). 

‘“ Simonis and Hervoici, Bcr., 60, 787 (1917). ,,nAo\ \r< A ai 

Mitsui, Sudzuki, and Yoshinaga, J. Chem. Soc. Japan, 64, 1337 (1943) [C. A., 41, 

‘“ Werdir, Moll, and Jung, Z. physiol. Chem., 267, 129 (1939) [C. A., 33, 3398 (1939)]. 
‘“ HeUbron, Barnes, and Morton, J. Chem. Soc., 123, 2559 (1923). 

Baker, J". CAcrn. Soc., 1927, 2898. j At. nottot 

Pavolino, Atti Conor, naz. chim. pura applicalal Mh Congr. Rome and Abruzzo U9SB), 

1933, 557 [C. A., 29, 4342 (1935)]. „ a . trt.- tr A 

Shamshurin, Trudy Uzbek. Gosudarsl. Umv. Sbormk Rabat Khim., 16, 33 (1939) [C. A., 

36, 3994 (1941)]. 

Hantzsch and Ziircher, Bcr., 20, 1328 (1887). 

Mentzer, Gley, Molho, and Billet, B»H. soc. chxm. France. 1946, 271 [C. A., 40, 6066 
(1946)1. 

““ Naik, Desai, and Trivedi. J. Indian Chem. Soc„ 6 801 (1929)- 
““ Shah, J. Unis. Bombay, 8 (pt. 3). 205 (1939) IC. A., 34, 2821 (1940)]. 

Billow, Ber., 36, 190 (1903). 

"'Borsche and Lewinsohn, Ber., 66, 1792 (1933)- 

Bogert and Isham, J. Am. Chem. Soc., 36, 514 (1914). 

Fries and Lindemann, Arm., 404, 53 (1914). 907 riqan rr A 36 

““Seshadri and Venkateswarlu. Broc. Indxan Acad. Sex., 14A, 297 (1941) [C. A., 36, 

BaS Seshadri. and Venkateswarlu. Broc. Indian Acad. Sex., 16A, 68 (1942) [B. A.. 

37, 1429 (1943)]. 

™ Yanagita, Ber., 71, 2269 (1938). .oo /,QA9^ 

>»> Shah and Shah. J. Indian Chem. Soc., 19 , 489 (1942) 

mchal^avart^and Ch^afaa.^^^^^^ 194’(1938) [C. A., 33, 2119 (1939)]. 

Haller and Acree. J. Am. Chern. ' 

™Spath, Takei, and Miyajima, Ber.. 67, 262 (1934;. 



68 


ORGANIC REACTIONS 

Takei, Miyajima, and Ono, Sri. Papers Inst. Phys. Chem. Research, Tokyo, 24, 1 (19 ) 

1C. A., 28, 4730 (1934)]. , 

Yamashita, BuU. Chem. Soc. Japan, 8, 276 (1933) [C. A., 28, 135 (1934)J. 

Adams, U. S. pat., 2,354,492 (1944) [C. A., 39, 3126 (1945)]. 

Adams and Baker, J. Am. Chem. Soc., 62, 2401 (1940) 


H3 ^ 


Twiss, J. Am. C5em. Soc., 48, 2206 (1926). onno n 943)1. 

Chudgar and Shah, J. Untv. Bombay, 11 (pt. 3), 113 (1942) [C. A., , 

Adams, Chen, and Loewe, J. Am. Chem. Soc., 67, 1534 (1945). 

Adams, Aycock, and Loewe, J. Am. Chem. Soc., 70, 662 (1948). 

Adams, Mackenzie, and Loewe, J. Am. Chem. Soc., 70, 664 (1948). 

Ariraa, BuU. Chem. Soc. Japan, 4, 113 (1929) [C. A., 23, 4708 (1929)]. 

Bmchhausen and Hoffmann, Ber., 74, 1584 (1941). 

“*Gaind, Gupta, and Ray, Curr. Sri., 6, 646 (1937) [C. A., 31, 7415 (1937)]. . 

Desai and Hamid, Proc. Indian Acad. Sri., 6A, 185 (1937) [C. A., 32, 125 ( 

Limaye and Shenolikar, Rasayanam, 1, 93 (1937) [C. A., 32, 2096 (1938)]. 

“'■Limaye and Talwalkar, Rasayanam, 1, 141 (1938) [C. A., 33, 1698 (1939)]. 

Clayton, J. Chem. Soc., 97, 1388 (1910). 

^ DesaiandMavani, Proc. Indian Aca<i.Sri.,25A, 341, 353 (1947) [C. A. ,42, 1913-1 ( 

“’Limaye and Limaye, Rasayanam, 1, 109 (1937) [C. A., 32, 2095 (1938)]. 

“’Shah and Mehta, J. Indian Chem. Soc., 13, 358 (1936). 

”’Shah and Mehta, J:Univ. Bombay, 4 (pt. 2), 109 (1935) [C. A., 30, 5196 (1936)]. 
Sethna and Shah, J. Chem. Soc., 1938, 1066. 

Sethna and Shah, J. Indian Chem. Soc., 17, 211 (1940). noinl 

“ Sastry and Seshadri, Proc. Indian Acad. Sri., 12A, 498 (1940) [C. A., 35, 3626 
Desai and VakU, Proc. Indian Acad. Set., 12 A, 357 (1940) [C. A., 36, 3639 (1910 ]• 
Desai and Gaitonde, Proc. Indian Acad. Sci., 26A, 364 (1947) \C. A., 42, 1915 (194S)J. 
'“Thakor and Shah, J. Indian Chem. Soc., 23, 423 (1946). 

Borsche, Ber., 40, 2731 (1907). 

HeUhron and Howard, J. Chem. Soc., 1934, 1571. ,, 

Desai and Mavani, Proc. Indian Acad. Sci., 26A, 327 (1947) tC. A., 42, 541 (1948)]. 
Werder and Jung, Ber., 71, 2638 (1938). 

“John, Ghnther, and Schmeil, Ber., 71, 2637 (1938). 

“ Kostanecki and Weber, Ber., 26, 2906 (1895). 

“ Bargcllini and Grippa, Gass. chim. Hal., 67, 138 (1927) [C. A., 21, 1981 (1927)]. 

- Yamashita, Science Repls. Tdhoku Imp. Univ., First Ser., 24, 202 (1935) [C. A., 29, 
7327 (1935)]. 

“ Peohmann and Kraft, Ber., 34, 423 (1901). 

“ Baker and Evans, J. Chem. Soc., 1938, 372. 

“ Amiard and ^Ulais, BuU. soc. chim. France. 1947, 512 [C. A., 42, 541 (1948)]. 

Badhwar and Venkataraman. J. Chem. Soc., 1932, 2420. 

Pcchmann and Cohen. Ber., 17. 2187 (1884). 

Schmid, Heh. Chim. Ada, 30, 1661 (1947). 

♦- ^“8 and Robertson. J. Chem. Soc., 1934, 403. 

Spith, Dcy, and Tyray, Ber., 72, 53 (1939) 

“Bartsch. Ber.. 36, 1960 (1903). 

_ Bacovcscu, Ber., 43, 1280 (1910). 

MdSeshadri. Proc. Indian Acad. Sri., 6A, 317 (1937) [C. A., 32,3362 (1938)]. 
“ nit “nd Ostwald. Ber., 58, 1793 (1925). 

^Robmson and Weygand, J. C5«n. Soc., 1941, 386. 

“ 14. 885 (1944) [C. A., 39, 3789 (1945)]. 

_ ,Sp,,th and Dobrovolny, Ber.. 71. 1831 (1938). 

_ . imonu and Elias, Ber., 49, 708 (1916) 

Arint J aTt If'- 31. 4317 (1937)]. 

=“«. -,th\ua-' ^1® (1932) [C. A., 27, 295 (1933)]. 

'•“^'.Vh’aad'p "■ 99. 1080 (1936). 

uh and P.ailcr. Ber., 69. 707 (1936). 



CHAPTER 2 


THE SKRAUP SYNTHESIS OF QUINOLINES 

Richahd H. F. Manske and Marshall Kulka 
Dominion Rubber Research Laboratory 
Guelph, Ontario 

CONTENTS 

PAGE 

Introduction 59 

Mechanism 60 

Scope and Limitations 61 

Aroquinolines 63 

Orientation 66 

Determination of the Identities of 5- and 7-Substituted Quinolines .... 67 

Experimental Conditions 68 

Control of the Reaction 68 

Oxidizing Agents 69 

Experimental Procedures 70 

Quinoline 70 

3- Ethylquinolme 70 

4- Methyl-6-methoxy-8-nitroquinoline 71 

Separation of the Mixture of 3,7- and 3,5-Dimethylquinoline 72 

Tabular Survey op Quinolines Prepared by the Skbaup Synthesis . . 72 

Table I. Quinolines 73 

Table II. Benzoquinolines 87 

Table III. Biquinolyls 89 

Table IV. Compounds Containing Two or Three Quinoline Nuclei Sepa- 
rated by One or Two Carbon Atoms 90 

Table Y. Phenanthrolines 91 

Table VI. Miscellaneous Quinolines 93 

INTRODUCTION 

Koenigs ‘ first synthesized quinoline in 1879 by passing allylaniline 
over heated litharge. Shortly thereafter - he prepared quinoline by 
heating the condensation product of aniline and acrolein, thus antici- 

' Koenigs, Ber,, 12, 453 (1879). 

® Koenigs, Ber.y 13, 911 (1880). 
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paling the classical Skraup synthesis. This synthesis invoh 
of reactions brought about by heating a primary aromatic ami , 
which at least one position orlho to the amino group ’ 

with glycerol, sulfuric acid, and an oxidizing agent. T ^ e pro u 
quinoline containing only those substituents that were ongina y pm 
in the aromatic amine. Quinolines substituted in the hetero ® , 
be obtained by a modified Skraup synthesis in which a substituiea 
acrolein or a vinyl ketone is used in place of glycerol. 


MECHANISM 

The Skraup reaction takes place through four successive^ steps, 
dehydration of glycerol to acrolein under the influence of sulfuric aci , 
addition of the aromatic amine to acrolein' to form an interme la e 
P-arylaminoaldehyde (HI); ring closure by dehydration to form 1, 
hydroquinoline (IV); and oxidation of IV to quinoline (V). The re 


CHO 



1 II 




placement of glycerol by acrolein in the reaction with aniline, sulfuric 
acid, and an oxidizing agent under ordinary conditions results in much 
resinification and only a little quinoline.® However, a high yield of 
quinoline can be obtained by passing acrolein vapor into the solution of 
aniline, sulfuric acid, and an oxidizing agent under proper conditions.'*’ 
The^ nitroanilines and the nitromethoxyanilines react readily with 
liquid acrolein to give good yields of the corresponding substituted 
quinolines,'' especially when sulfuric acid is replaced by phosphoric 
acid.’ 

Manske, unpublished observations. 

* Tchitchibabin, Swiss pat. 240,991 (1946). 

Kulka, unpublished observations. 

* Yale, J . Am. Chem. Soc., 69, 1230 (1947). 

I Bernstein, J . Am. Chem. Soc., 70. 254 (194 

lale, J. Am. Chem. Soc., 70, 1982 (1948). 
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Skraup had suggested originally that the aromatic amine condensed 
with acrolein to form a Schiff base (W), but this cannot be correct. 
If it were, /3-methylacrolein (crotonaldehyde) should yield as an inter- 
mediate the Schiff base VII, ndiich on ring closure would give 4-methyI- 



quinoline (lepidine). The product, however, is 2-methylquinoline 
(quinaldine), and therefore the intermediate must be the /3-arylamino- 
aldehyde VIII or a Schiff base derived from it.® 


SCOPE AND LIMITATIONS 

The Skraup reaction is of great general utility and has been applied 
to many aromatic amines. The only amines that fail to give the desired 
quinolines are those having substituents too reactive to withstand the 
drastic conditions, e.g., labile substituents such as acetyl, cyano, meth- 
oxyl, and fluoro. p-Aminoacetophenone,*® 2-cyano-5-methylaniline,“ 
p-methoxj’-aniline,*® 3-nitro-4,5-dimethoxyamline,'® 2-nitro-4-methoxy- 
5-fiuoroaniline,'® and 3-nitro-4-aminoveratrole fail to give the corre- 
sponding quinoline derivatives because the substituents are either 
degraded or hydrolyzed by the hot, strong sulfuric acid used in the 
reaction. The h 3 '-drolytic action of the sulfuric acid can be minimized by 
reducing the reaction time from the usual several hours to a few min- 
utes.'® With a reaction time of one and one-half minutes 8-nitro-5,6- 
dimethoxjrquinoline was prepared from 2-nitro-4,6-dimethoxyaniline in 
40% yield.'® 

The original Skraup synthesis has been extended to include the 
preparation of quinolines substituted in the p 3 ’^ridine ring through the 

®Manske, Chem. Revs., 30, 113 (1942). 

Berend and Thomas, Ber., 25, 2548 (1892). 

^ V. Jakubowski, Ber,, 43, 3026 (1910). 

Kaslow and Raymond, J, Am. Chem. Soc., 68, 1102 (1946). 

Elderfield, Gensler, Williamson, Griffing, Kupchan, Maj-nard, Kreysa, and Wright, 
J, Am. Chem. Soc., 68, 15S4 (1946). 

Frisch, SUverman, and Bogert, *r. Am. Chem. Soc., 65, 2432 (1943). 
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use of a,/3-unsaturated aldehydes and ketones. 

are obtained in high yield by adding ^-methylacrolein (^rotonaldehyde) 
(IX), its diacetate,'® or 1,1,3-trimethoxybutane '® to a stirred 



of sulfuric acid, an oxidant, and an aromatic amine at such a ^ 

violent reaction is avoided. 2-Arylquinolines are prepared simi ar y 
by employing 0-phenylacrolein (cinnamaldehyde) in place of croton 
aldehyde.'''- The use of an a-substituted acrolein (XI) or a 
2-substituted glycerol 21.22,23 £^g addend in the Skraup reaction resu s 
in a quinoline substituted in the 3 position (XII, R = methyl, ary , 
or halogen). The acetal, the diacetate, or the dipropionate of the a 
substituted acrolein is often preferred in order to avoid the polymen- 



CHO 

1 

+ OR 
11 

CH2 


XI 



XII 


zation of part of the aldehyde during the reaction. 

"While engaged in a study of antimalarial compounds, Campbell and 
co-workers '®' 21-22 synthesized some 4:-methylquinolines (XIV, R_"" 
methyl) by condensing methyl vinyl ketone (XIII, R = methyl) with 
aromatic amines under conditions somewhat milder than those used by 
Skraup. In view of the fact that a,/3-unsaturated ketones such as XlH 
polymerize to some extent under the conditions of the reaction, it has 


“ tltermolilen, J , Org. Chem., 8, 544 (1943). 

and Kerwin, J. Am. Chem. Sac., 88, 1840 (1946). 

Murmann, Monateh., 26, 621 (1904). 

“ Grimaux, Comp!, rend., 96, 684 (1883). 

®®“ler, Bembry, WUUamson, and Weial, J. Am. Chem. Soc., 68, 1589 

C1946). 

“ Manske, Marion, and Leger, Con. J. Research, 20B, 133 (1942). 

Darzena and Meyer, Compl. rend., 198, 1428 (1934). 

Warren, J. Chem. Soc., 1936, 1366. 

2* C5em. Soc., 69, 2232 (1947). 

» Camnb 11 J- Am. Chem. Soc., 67, 86 (1945). 

2» Kerwin, and CampbeU, J. Am. Chem. Soc., 68, 1851 (1946). 

22 CampbeU, J. Am. Chem. Soc., 68, 1556 (1946). 

Romanet and o ®®'23ler, Sommera, Kremer, Kupohan, Tinker, Dressner, 

Romanek. and CampbeU. J. Am. Chem. Soc., 69. 1465 (1^7). 
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been found expedient to employ compounds that will yield the a,/3-un- 
saturated ketones under these conditions. Thus /S-ketobutanol,^'’’^®’^^ 

R 

I 

CO 

+ I 

CH 

li 

CH2 

xiir XIV 

methyl /3-chloroethyl ketone/®- 4-methoxy-2-butanone/^ and 1,3,3- 
trimethoxybutane 24 - 27,33 ■\vhen condensed with aniline all yield 4-methyl- 
quinoline, presumably via methyl vinyl ketone. l-Aryl-3-chloro- 
propan-l-ones are used for the preparation of 4-arvlquinolines (XIV, 
R = phenyl).®®-®^ 




Aroquinolines 

Amino derivatives of such fused systems as naphthalene, anthracene, 
phenanthrene, and pyrene undergo the Skraup reaction readily, and the 
resulting products are classed as aroquinolines. With 1-naphthylamine 
only one compound, benzo(A)quinoline (XV), is possible,®®- but 
2-naphthylamine might react with glycerol in two ways to produce a 
mixture of the two isomers, benzo(/')quinoline (XVI) and benzo(^)quino- 
line (XVII). The ring closure actually takes place in the 1 position of 
2-naphthylamine, and benzo(/) quinoline (XVI) is the only product.®®- 

PriU and Walter, Ger. pat. 505,320 [C. A., 26, 479 (1932)]. 

27 I. G. Farbenindustrie A.G., Brit. pat. 308,365 [C. A., 24, 128 (1930)]. 

2“ Kenner and Statham, Ber., 69, 16 (1936). 

Sohering-Kahlbaum A.G., Brit. pat. 283,577 [C. A., 22, 4132 (1928)]. 

22 Zbllner, XJ. S. pat. 1,804,045 [C. A., 26, 3668 (1931)]. 

22 Campbell and Kerwin, J". Am, Chem. Soc., 68, 1837 (1946). 

2* Kenner and Statham, J. Chem. Soc., 1936, 299. 

22 Skraup, Ber., 14, 1002 (1881). 

22 Skraup, Ber., 16, 893 (1882) ; Monalsh., 3, 531 (1882). 

27 Farbwerke vorm Meister, Lucius, and Brtining, Ger. pat. 26,430 (1883) [Frdl., 1, 183 
(1877-1887)]. 

22 I. G. Farbenindustrie A.G., Fr. pat. 727,528 [G. A., 26, 5104 (1932)]. 

27 Claus and Imhoff, J. prakt. Chem., [2] 67, 68 (1898). 

2° Bamberger and Stettenheimer, Ber., 24, 2472 (1891). 

" Schenkel and Schenkel, Helv. Chim. Acta, 27, 1456 (1944). 

42 Mikhailov, Novosti Tekhniki, 1940, No. 3-4, 51 [C. A., 34, 5847 (1940)]. 

42 Knueppel, Ber., 29, 703 (1896). 

44 Claus and Besseler, J. prakt. Chem., [2] 67, 49 (1898). 

42 Bamberger and Miiller, Ber., 24, 2641 (1891). 

4® Clem and Hamilton, J. Am. Chem. Soc., 62, 2349 (1940). 

47 Sergeev, Byull. Lako-Krasochnol Prom., 1938, No. 2-3, 68; Khim. Beferal. Zhur., 2, 
No. 1, 102 [C. A., 34, 1665 (1940)]. 

42 Skraup and Cobenzl, Monatsh., 4, 436 (1883). 



64 


ORGANIC REACTIONS 



So strong is the tendency for ring closure to occur in the 1 position a a 
substituent such as halogen or nitro (but not methyl) in that po^si ion 
in 2-naphthylamine is eliminated. Thus 1-nitro-,'*^* 1-bromo-, 
l-cliloro-2-naphthylamine when subjected to the Skraup reac ion 
yield benzo(/) quinoline (XVI) alone or in admixture with the 
spending 10-substituted benzo(g)quinoline. In contrast to this, ’ 
tetrahydro-2-naphthylamine undergoes the Skraup reaction to yie a 
mixture of 7,8,9,10-tetrahydrobenzo(/)quinoline and 6,7,8,9-tetra 
hydrobenzo(g)quinoline, with the latter predominating.^® Ot ei 
amines that undergo this reaction are 1-, 2-, 3-, 4-, and 9 -aminophenan 
threne,®^'®®’^® 3-aminopyrene,®’ 3-aminoacenaphthene,®® 1- and 2-amino- 
anthraquinone,'*®' and 2-aminofiuorene.®® Heterocyclic amines such as 
3-aminopyridine,®® 2-aminothiophene,®® and the aminobenzopyrones 
do not withstand the drastic conditions well, and therefore the yields of 
the resulting quinoline derivatives in general are poor. 

Aromatic diamines react wdth two moles of glycerol to give products 
known as phenanthrolines. The preparation of 1,7- (XVIII) '''• 


” Lellmann and Schmidt, Ber., 20, 3154 (1887). 

“Hvusgen, Ann., 659, 101 (1948). 

“ Gerhardt and Hamilton. J. Am. Chem. Soc., 6G, 479 (1944). 

“ Clemo and Driver, J. Chem. Soc., 1945, 829. 

” V. Braun and Gruber, Ber., 55, 1710 (1922). 

“ Herschmann, Ber., 41, 1998 (1908). 

“ Cook and Thomson, J. Chem. Soc., 1946, 395. 

“ Mosettig and Krueger, J. Org. Chem., 3, 317 (1938). 

" Vollmann, Becker, Corell, Streeck, and Langbein, Ann., 631, 1 (1937). 

“ Zinke and Raith, Monateh., 40, 271 (1919). 

“ Delaby and Hiron, Bull. soc. chim. France, (4) 47, 227, 1395 (1930). 

Majert, Ger. pat. 26,197 [Frdl., 1, 171 (1877-1887)]. 

vorm Meister, Lucius, and Brilning, Ger. pat. 189,234 [Frdl., 8, 1362 

(1905-1907)]. 

“ Ba^che Anilin- und Sodafabrik, Ger. pat. 171,939 [Frdl., 8, 369 (1905-1907)]. 
Schaarschmidt and Stahlschmidt, Ber., 45, 3452 (1912) . 

Graebe, Ann., 201, 333 (1880). 

33,'6M’(1939)t'°''^’ '"'"^ht, J. Proc. Roy. Soc. N. S. Wales. 71, 449 (1938) [C. A., 

“ Allen, Chem. Rees., 47, 275 (1950). 

" ^emkopf and LQtzkendorf, Ann., 403, 45 (1914). 

^ Dey and Goswami, J. Chem. Soc., 116, 531 (1919). 

’ (1920). 

j'T' 'rT’ “e®’ 535 (1920)]. 

^hrmth, J. Am. Chem. Soc., 62, 397 (1930). 

• Skraup and Vortmann, MonaUh., 3. 570 (1882); 4, 569 (1883). 
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and 4,7-phenanthroline (XIX) from m- and p-phenjdenediamine, 
respectively, offeis no difficulties. Although some vorkers have re- 
ported failure of aticmpts to prepare 1,10-phenanthroline (XX) from 
o-phenylenediamine,'’-'^ others have reported yields of 30-45%. A 





far better method for preparing 1,10-phenanthroline is to subject 
8-aminoquinolinc or its derivatives”’*'’ to the Skraup reaction. 
8-Aminoquinolines are readily obtained from the corresponding o- 
nitroanilines bj’’ way of the 8-nitroquinolines. It is to be noted that 
5- and 6-substituted 8-aminoquinolines jdeld identical phenanthroline 
derivatives. 4-Aminoquinolines *'•** and 5-aminoisoquinolines un- 
dergo the Skraup reaction, but the yields are poor. 

A double Skraup reaction also occurs with a diaminobiphenyl. A 



XXI 


CH 3 



good example is the preparation of 6,6'-biquino]yl (XXI) from 4,4'-di- 
aminobiphenyl (benzidine).*”- Another method for the preparation 
of biquinolyls is the Skraup synthesis with an anilinoquinoline, e.g., 
4-meth3d-2,6'-biquinol}d (XXII) from 2-p-anilino-4-methylquinoline.** 

Haskelberg, J. Am. Chem. Soc., 69, 1538 (1947). 

Douglas, Jacomb, and Kermack, J. Chem. Soc., 1947, 1659. 

Misani and Bogert, J. Org. Chem., 10, 347 (1945). 

Halcrow and Kermack, J. Chem. Soc., 1945, 155. 

Breckenridge and Singer, Can. J. Research, 25B, 583 (1947). 

Smith and Getz, Chem. Revs., 16, 113 (1935). 

Richter and Smith, J. .i4m. Chem. Soc., 66, 396 (1944). 

Burg.er, Bass, and Fredericksen, J, Org. Chem., 9, 373 (1944). 

Marckwald, Ann., 279, 20 (1894). 

Lions and Ritchie, J, Proc. Roy. Soc. N. S. Wales, 74, 443 (1941) [C. A., 36, 4/71 
(1941)]. 

83 Roser, Ber., 17, 1817, 2767 (1884). 

8^ Ostermayer and Henrichsen, Ber., 17, 2444 (1884). 

88 Fischer, Monatsh., 5, 417 (1884). 

88 Fischer, Ber., 19, 1036 (1886). 
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5-Aininohydrindene also follows this rule, yielding a mixture of 
6,7-trimethylene- and 5,6-trimethylene-quinoline in the ratio of 9:1.®^ 
Application of the Skraup synthesis to 2-naphthyIamine,®®'^^-^^ 
2-aminofluorene,®^ and 2^aminophenanthrene yields the angular 
isomers only, benzo(/)quinoline (XVI), ll-indeno(;g,7-/)quinohne 
(XXIII), and naphtho(;8, 1-/) quinoline (XXIV), respectively. On the 


XXIII XXIV 

other hand, 5,6,7,8-tetrahydro-2-naphthylamine gives a mixture in 
which the linear isomer, 6,7,8, 9-tetrahydrobenzo(^)quinoline, pre- 
dominates. Like 2-naphthylamme, 6-aminoquinoline undergoes the 
Skraup ring closure in the 5 position to yield the angular isomer, 4,7- 
phenanthroline (XIX), exclusively. 5-Nitro- and 5-bromo-6-amino- 
quinoline also lose the 5 substituent on cyclization to form 4,7-phe- 
nanthroline. 5-Methyl-6-aminoquinoline retains its 5 substituent, and 
the product is 10-methyl-l,6-anthrazoline (XXV). 7-Aminoquinoline 
undergoes the Skraup reaction to yield the angular isomer, 1,7-phenan- 


XXV XXVI 

throline (XVIII), only. With 3-aminopyridine and 3-amino-2-chloro- 
pyridine the cyclization takes place at the 2 position to form only the 
linear compound, XXVI (1,5-naphthyridine), the halogen being elimi- 
nated in the latter case. The cyclization at the 4 position is evidently 
difficult since 3-amino-2,6-dimethylpyridine will not undergo the 
Skraup reaction.®® 3-Aminodibenzofuran produces a mixture of the two 
isomeric quinolines.®®' °®'®^ 






Determination of the Identities of 6- and 7-Substituted Quinolines 

In determining the identity of the two isomeric quinolines formed 
from wieia-substituted anilines in the Skraup reaction, the synthesis of 

Lindner, Sellner, Hofmann, and Hager, Monaish.^ 72, 335, 354 (1939). 

Mosettig and Robinson, J, Am. Ckem. Soc., 67, 902 (1935). 

Kirkpatrick and Parker, J. Am. Ckem. 5oc., 57, 1123 (1935). 

^ Adams, Clark, Kornblum, and Wolff, J. Am. Ckem. Soc., 66, 22 (1944). 
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one or both isomers by unambiguous methods is necessary. 
common method is to block one of the oriho positions of 
substituted aniline, subject it to the Skmup reactira, and rem 
the blocking group from the resulting quinoline. To obtain J 

quinohne, 2-nitro-5-methylaniline and 2-carboxy-5-methylamhne 

were converted by means of the Skraup synthesis to 5 -methyl-S-iutr 
and 5 -methyl- 8 -carboxy-quinoline, respectively, and the 8 subs i uen 
then removed. In the same way toluene-2,3-diainine C2,3-dia^o- 
toluene) was converted to 7 -methylquinoline by the Skra-up syn esi 
followed by deamination of the resulting 7 -methyl- 8 -aminoquino me. 
Another method is to introduce further substituents into the wo 
isomeric quinolines and then compare the products with compoun s 
sjmthesized in an unequivocal way. Thus, the isomeric chloroquino mes 
obtained from m-chloroaniline were nitrated and the resulting produc , 
5-chloro-8-nitro- and 7-chloro-8-nitro-quinohne, proved to be identica 
with those obtained from 2-nitro-5-chloroaniline and 7 -hydroxy- 8 -nitro- 
quinoline.®®'^®'^”'' 

The less common method for determining the identities of the 5- an 
7-substituted quinolines is the synthesis of these compounds by an 
unambiguous method. In the Pfitzinger, Friedlander, Camps, and 
v. Isiementowski quinohne syntheses,® the hetero ring is formed by 
linking the ends of a two-carbon chain to the amino group and the 
ortho substituent in an orfho-substituted aniline. The preparation of 
5- and I-substituted quinolines by these methods is therefore unequiv- 
ocal. These syntheses have been frequently used to estabhsh the 
identity of the o- and 7-isomeric quinohnes obtained from a meta- 
substituled aniline in the syntheses of Doebner-Miller, Conrad-Limpach- 
Knorr, and Combes. They may also be employed in the identification 
of the products of the Skraup reaction. The Pfitzinger synthesis pro- 
vides 5- and 7-substituted I-carboxyquinolines which on decarboxjdation 
should yield the desired reference compounds. 


EXPERIMENTAL CONDITIONS 


Control of the Reaction 


Tlie conditions under wliich the earlier Skraup syntheses were carried 
out often resulted in reactions of uncontrollable violence. The gradual 
addition of one of the reagents (glycerol or sulfuric acid) does not 


^ Price nnd Guthrie. J. .dm. Chem. Soc., 68, 1592 (1946). 

IK r'f'’ SaUburj'. J. Am. Chem. Soc., 68, 1324 (1946). 

Olau, and Junelianiis. J. prafci. Chem., (2) 48, 254 (1893). 
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moderate the reaction satisfactorily, and the yields are poor. The 
modification of Clarke and Davis,"" the addition of ferrous sulfate, does 
regulate the reaction, presumably because the ferrous sulfate fuuetious 
as an o.xygen carrier and therefore the reaction is extended over a loiiger 
period of time. Further improvement has been achieved by the afJdil ion 
of acetic or boric acid.">^ Manske, T^ger, and Gallagher "" observed 
that the use of acetanilide in place of aniline in conjurietiori with ferrous 
sulfate and boroglyceric acid resulted in further moderation so that rooI(‘ 
runs in 3- to 5-1. flasks could be carried out with perfect safety /aid in 
creased yield. A British patent claims that the use of dihde i-ulfurie 
acid in the Skraup reaction eliminates violence and reduces fhe form;, lie,,' 
ot tars.™ Other workers *>■ prefer strong sulfurie a„i,| 

dilution during the reaction by removal of the le-.i/r , 

azeotrope with nitrobenzene. 

Though the above modifications of the original Skraup synthed- have 
reduced the hazards of the reaction coasidcrablu ii., ■ i ' ' 

J J XE * i.1 X ‘x xl V/iV. 

reduced sufficiently to permit the preparat bn of enirt, r 

• 1 I Ti j- j . on a com- 

mercial scale. It was discovered recently that fhe rnf ,] 

of the reactants is the most important factor in confr ? '"|^^ib'on 
the reaction. When the mixture of the aromatic ar ’ ^ u 

and glycerol kept at 80° is added in small portion.s fo*ihe 
containing the oxidizing agent, the reaction can be w.'-'S'.'I 

at the required temperature and good yield.s can be easily 

scale production. ' In lurif/i- 
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arsenic pentoxide « ferric oxide or sulfate, ““ ferric cWo^ide,?^ stannic 
chloride,’”’ chloropicrin,’”-”” o-nitrophenol,’” and iodine. 


experimental procedures 

The preparation of quinoline in quantities of 255-275 
of 84-91%, and the preparation of 6-inethoxy-8-mtro^ _ Ornanic 
quantities of 460-540 g. with yields of 65-7 5%, are described in g 

^^Q^Loline.’”^ To 20 g. of powdered crystalline ferrous sulfate m^a 
5-1. flask there are added with shaking, in the order named, / • S- 
acetanilide, 42 g. of nitrobenzene, a solution of 35.5 g. of ^nc ^ 

216 g. of glycerol, and 182 g. of concentrated suKuric acid. _ ihesoiu 

is then heated gently under a reflux condenser until it begins to simm 
Careful heating is continued for one-half hour, after which time e 
is increased for a further three hours. , 

The solution is then cooled slightly, 300 ml. of water is added, an 
mixture is steam-distiUed to remove the excess nitrobenzene (a o 
10 g.) . The residual solution is cooled, and a solution of 340 g. of so lum 
hydroride in 1 1. of water is added. The alkaline mixture is steam 
distilled to remove the quinoline. After the quinoline layer is separa e 
ifrom the distillate, the aqueous layer is distilled to recover a sma 
additional amount of quinoline. , 

To the combined quinoline layers is added 70 g. of concentra e 
sulfuric acid, and the resulting solution is diazotized at 8° with an excess 
of aqueous sodium nitrite (1-2 g. is sufficient). The diazotized solution 
is heated on the steam bath for thirty minutes, then steam-distilled to 
remove volatile impurities. A solution of 100 g. of sodium hydroxide m 
400 ml. of water is added to the residual solution, and the mixture is 
again steam-distilled. The aqueous layer in the distillate is again concen- 
trated as descrihed above, and the quinoline is extracted from the 
combined distillates by means of benzene. Removal of the benzene, 
followed by distillation of the residue at 110-114°/14 mm. furnishes 
67 g. (90%) of water-white quinoline. 

3-Ethylquinoline.“ Into 165 g. of 20% oleum at 20-30°, 37 _g- 
(0.3 mole) of nitrobenzene is run slowly and the mixture is heated with 
stirring to 60-/0° over a period of approximately three hours. The 

“’Biractt, Chem. A'ncj. 121, 205 (1920) (C. A., 16, 831 (1921)1. 

Draco, Chem. Nmrs. 117, 316 (1918) [C. A., 13, 289 (1919)]. 

Ill ® IVmiains, Brit, pat, 198,482 [C. A., 17, 3880 (1923)]. 

Kaulmann and HOssy, Ber., 41, 1735 (1908). 

i’l U. S. pat. 2,3^,162 [C. A., 39, 1421 (1945)]. 

Moshor, laako, and Whitmore, Org. SgrUhetu, 27, 48 (1947). 
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mixture is maintained at tliis temperature for an additional six to eight 
hours until a sample is completely soluble in water. This mixture of 
nitrobenzenesulfonic acid and sulfuric acid, which is termed the “sulfo 
mix,” is poured into 50 ml. of water in a 1-1. three-necked flask, equipped 
with a short still head and variable-length finger condenser, a dropping 
funnel, a thermometer, and a stainless steel sweep stirrer. This dilutes 
the sulfuric acid to a concentration of 75%. With stirring, 47 g. of 
aniline (0.5 mole) is added; the aniline sulfate soon dissolves in the acid 
mixture. 

The whole is heated to 125° in an oil bath, and 93 g. (0.5 mole) of 
a-ethylacrolein diacetate is added dropwise with stirring; the addition 
is momentarily stopped if the reaction becomes violent. Both during 
and after the addition of the acrolein acetate, the mixture is heated and 
stirred (stirring is momentarily stopped if excessive foaming occurs); 
meanwhile, the finger condenser is gradually moved up, so that a slow, 
steady distillation of water and acetic acid takes place. In about three 
hours the oil-bath temperature has been allowed to rise to 175°, about 
50 ml. of distillate has come over, and distillation has almost ceased. 
The reaction mixture is partially cooled, poured onto about 500 g. of 
ice, and neutralized with concentrated sodium hydroxide solution. The 
crude product is removed by steam distillation, preferably with super- 
heated steam. The 3-ethylquinoIine is separated from the distillate, 
with the aid of carbon tetrachloride extraction. Fractionation of the 
solvent-quinoline mixture gives 42.5 g. (54%) of pure 3-ethylquinoline, 
b.p. 265-266°; = 1.5988. 

4-Methyl-6-methoxy-8-nitroquinoline.^’^ A mixture of 170 g. of 
arsenic acid, 50 ml. of water, 168 g. (1.0 mole) of m-nitro-p-anisidine, 
and 280 g. of concentrated sulfuric acid is placed in a 1-1. flask fitted with 
stirrer, dropping funnel, and condenser set for downward distillation. 
The mixture is heated in an oil bath at 110-115° while 148 g. (1.0 mole) 
of 1,3,3-trimethoxybutane is added dropwise in the course of two and a 
half hours. The mixture is stirred at 115-125° for an additional two 
hours while methanol distils. It is then poured into 1 1. of water, filtered, 
and the filtrate diluted successively to 3 and 6 1., filtering after each 
dilution. The precipitates (mostly tars) are discarded. The final 
filtrate is made basic with aqueous ammonia, and the reddish precipitate 
is collected and dried; the yield of crude product melting at 158-160° is 
about 168 g. This material is dissolved in 2-2.5 1. of 10% hydrochloric 
acid and the solution heated on the steam bath for fifteen minutes with 
Norit, then filtered. The cooled solution is neutralized with aqueous 
ammonia, and the dried precipitate recrystallized from 2-2.5 1. of ethjd 
acetate, using Norit. The mother liquors from the first crop are concen- 
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trated to 500 ml. to give a second crop. The total yield of material 

melting at 169-171° or higher is 130 g. (55-60%). _ o ■h) The 

Separation of the Mixture of 3,7- and 3,5-Dmiethylqumolme.- ine 
mixture is prepared from m-toluidine and a-methylacrolem. 
distillation of the mixture most of the pale greenish distillate crys a z 
The oil is drained oS, and the sohd 3 , 7 -dimethylquinoline is Jamzea 
twice from purified hexane; m.p. 80°. The oily mixture froin w c e 
solid base has crystallized is dissolved in hot dilute perchloric aci an 
cooled. The precipitate is collected, washed with cold water, ^-^d r^ 
crj'StaUized from boiling water to obtain the pure perchlorate of 3, 
methylquinoline as brilliant colorless prisms, m.p. 216 . The , 
dimethylquinohne regenerated from the filtrate crystallizes at once an , 
after being pressed on filter paper, melts at 78°. 


TABULAR SURVEY OF QUINOLINES PREPARED BY THE SKRAUP 

SYNTHESIS 

In the tables that follow are listed the quinolines prepared by the 
Skraup reaction through August, 1951 . Within each table the quinolines 
are listed according to the substituents present in the following se- 
quence; halogen; nitro; hydroxy, alkoxy, aryloxy, and E-CO 2 — ! sulfur- 
containing groups; amino; cyano; carbonyl; carboxyl; alkyl; aryl; hetero- 
cyclic. A substance containing more than one of the above groups is 
listed according to the group lowest in the hst. Thus a 5 -nitro- 8 -methyl- 
quinoline would follow 5,8-dicarboxyquinoline and would precede 
5,S-dimethylquinolme. 


TABLE I 
Quinolines 
Reactants 

r-^-; . Yield 

Quinoline Aniline Second Component % References 
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Benz 0 (A) quinoline 

Nf^ 



TABLE II 

Benzoquinolines 

A. Benzo(h)quinoUnes 

Heactanta 


Benzo(A)quinoline 
7,8,9, 10-Tetra- 
hydro- 

6-Hydroxy-7,8,9,10- 
tetrahydro- 
‘7-sulfonic acid 
10-sulfonic acid 
6-Methyl- 


1-Naphthylamine 

l-Naphthylamine 

5|6,7,8-Tetra- 

hydro- 

4-Hydroxy-5,6,7,8- 
tetrahydro- 
— 5-sulfonic acid 
— 8-sulfonic acid 
4-Methyl- 


Second Component 
Glycerol 
Glycerol 

Glycerol 

Glycerol 

Glycerol 

Glycerol 

OH 


Yield 

% References 
25 35. 36, 39, 40 

— 149 

25-30 260 

— 37, 38 

60 41 

— 230 


3-Ethyl- 

l-Naphthylamine 

1 

C2H6OCH2CCH2OC2H5 

12 

22 



C2Hi 



6.7-Ace- 

4,5-Ac6- 

Glycerol 

35 

58 


B. Bento (.f)quinolinei 










Reactants 




2-Naphthylainino 

Second Component 

Yield 


BenzoC/)quinoline 

2-Naphthylaniine 

Glycerol 

% 

Referencea 




81 

36, 42, 43, 44, 





45, 46, 47, 

t i8,9,10-Tetra- 

5,6,7.8-Tetra- 

Glycerol 


48, 49, 216 

hydro- 

hydro- 


19 

53 

10-Chloro- 

1,8-Dichloro- 

Glycerol 



10-Bromo- 

l-Chloro-8-bromo- 

Glycerol 

15 

283 

8-Nitro- 

6-Nitro- 

GIj'cerol 

38 

52 

10-Nitro- 

8-Nitro- 

Glycerol 

34 

46 

■ 8-sulfoiiic acid 

— 6-suIfonic acid 

Glycerol 

34 

40 

— ’lO-sulfonic acid 

— S-sulfonic acid 

Glycerol 

— 

38 

5-Carboxj’- 

3-Carboxy- 

Glycerol 

— 

159 

6-Carboxj'- 

4-Carboxy- 

Glycerol 

39 

242 

1-Methyl- 

2-Naphthylsminc 

CH,OCHtCH:C(OCHa).ru 

— 

157 

3'Methyl- 

2 -Nophthylaminc 

CH3CH=CHCH0 ‘ 

53 

S4. 215 

10-Hydroxj* — S-sul- 

S-Hydroxj — G-sul- 

Glycerol 


244 

fonic acid 

fonic acid 


— 

38, 162 


.Voif; References 116-522 are listed on pp. P4-9S. 
sported is taken from that reference. 


Where one j 


italicized, 
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ORGAKIC REACTIONS 


TABLE II — Continued 

BENZOCiaiNOIilNES 
C. Btnio(o)quinoUne8 



KeactanU 

Yield 



2--NaphthyIaminc 

Second Component 

% 

References 

G ,7 .8 .9 -Tclrahy dro- 

5,G,7,8-Totrahydro- 

Glycerol 

36 

53 

10-ChIorO“ 

1-Chloro* 

Glycerol 

34 

51, 52 

10-Methyl- 

1-Melhyl- 

Glycerol 

25 

50 

6,10-Dichloro- 

1,5-Diehloro- 

Glycerol 

— 

283 

5.10-Dichloro- 

1,4-DicMoro- 

Glycerol 

— 

283 

ICKChloro-G-bromo- 

l-Chloro-5-brorao- 

Glycerol 

— 

62 

lO-Chloro-O'rulro- 

l-Chloro-S-nitro- 

Glycerol 

— 

51 

lO-Chloro-T-nitro- 

l-Chloro-6-nitro- 

Glycerol 

4 

51, 52 

lO'ChloTO-O-nitro- 

l-Chloro-S-nitro- 

Glycerol 

12 

51 

5,10-Diphcnyl- 

1,4-Diphcnyl- 

Glycerol 

40-50 

233 

9-lIydroxj* — 7*8ul- 

8-HydroTy — G-sul- 

Glycerol 

— 

162 

(onic acid 

fonic acid 





Ko\e: BefcTcncci 110-322 are listed on pp. Where one reference is italicUed, the yiel( 

reported is taken from that reference. 



THE SKRAUP SYNTHESIS OF QUINOLINES 


TABLE III 


Biquinolyls 


Biquinolyls are numbered to show the carbon atoms through which the 
quinoline nuclei are joined; e.g., 2,7'-biquinolyl is 



Reactants 


Biquinolyl 

2,5'- 

2.7'- 

4,6'- 

4,7'- 

6 . 6 '- 

6 . 8 '- 

8 . 8 '- 

6-Methoxy-2,5'- 

6-Methoxy-2,7'- 

2'-(p-Nitrophenyl)- 

2 , 6 '- 

4-Methyl.2,6'- 

8,8'-Dihydroxy-5,5'- 

5,5'-Dicarboxy-8,8'- 

2,2'-Dimethyl-6,6'- 

5,5'-Dimethyl-8,8'- 


Amine 

2-m-Aniinophenyl- 

quinolino 

2-m-AiinnopIienyI- 

quinoline 

4-p-Aminophenyl- 

quinoline 

4-m-Aminophenyl- 

quinbline 

4,4'-Diaminobiphenyl 

2,4'-Diaminobiphenyl 

2,2'-Diaminobiphenyl 

2-m-Aininophenyl- 

6-methoxyquinoline 

2-m-Aminophenyl- 

6-methoxyquinoUne 

2-p-Aminophenyl- 

quinoline 

2-p-Aminophenyl- 

4-niethylquinoIine 

3,3'-Diamino-4,4'-dihy- 

droxybiphenyl 

2,2'-Diamino-4,4'-di- 

carboxybiphenyl 

4,4'-Diaminobiphenyl 

2,2'-Diaminc>-4,4'-di- 

methylbiphenyl 


Second Component 
Glycerol 

Glycerol 

Glycerol 

Glycerol 

Glycerol 

Glycerol 

Glycerol 

Glycerol 

Glycerol 

P-NO.C.H.CIfccnwio 

Glycerol 

Glycerol 

Glycerol 

CrotoniiW,.(|j„j^ 

Glycerol 


Note; References llG-322 are listed on pp. 01-08, Wlierc 
reported is taken from that reference. 






^ ie d Refer- 

^ cnees 

21 ISO 

20 189, 225 

— 188 

— 188 

SS.S4.85, 

IPS 

® 190 

05 200 

21 191 

22 IPI 

2 301 


~ 86 

35 200 

22 205 


CO 


211 

200 


(),e 


yield 
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TABLE V 

Phenanthholines 


A, ItlO^Phenanfhrolines 

Phenanthroline 


l 8 y. 5 ) 


Reactants 





iieia 

iteier- 


Amine 

Second Component 

% 

ences 

1,10-Phenanthroline 

o-Phenylenediamine 

Glycerol 

45 

76 


8-Aminoquinoline 

Glycerol 

40 

71, 78 

{5)6-Chloro-l,10- 

6-ChIora-8-aminoquinoIine 

Glycerol 

56 

79 

3-Bromo-l,10- 

8-AminO“3-bromoquinoline 

Glycerol 

20 

316 

(5)6-Bromo-l,10- 

5-Bromo-8-aminoquinoUne 

Glycerol 

40 

76 


6-Broma-8-aminoquiaoline 

Glycerol 

46 

79 

(5)&-Nitro-l,10- 

S-Nitro-S-aminoquinoline 

Glycerol 



76 

2-Methyl-l,10- 

2-MethyI-8-ammoquinoHne 

Glycerol 



183 

3-Methyl-l,10- 

8-AminoquiDoline 

CH2=C(CH3)CH(0C0CH3)2 

6 

315 

4-Methyl-l,I0- 

8-Amino-4-methylquinoUne 

Glycerol 

15 

315 

5(6)-Methyl-l,10- 

8-Amino-6-methylqmnoIine 

Glycerol 

66 

79 

4-PhenyM,10- 

8-Aminoquinoline 

CeHsCOCHoCHsCl 

35 

282 

SC6)-PhenyH,10- 

4-Phenyl-8-aminoquinoline 

Glycerol 

Poor 

282 

6-Phenyl-8-aminoquinollne 

Glycerol 

20 

282 

3,5-Dibromo-l,10- 

8-Amiao-6-bromoquinoHne 

CH2=C(Br)CH(OCOCH3)2 

1.4 

316 

3,6-Dibroiao-l,10- 

8-Aniino-3,W\btomoquinoUne 

Glycerol 

28 

316 

3,8-Dibromo-l,10- 

8-Amino-3-bromoquinoliQe 

CH2=C(Br)CH(OCOCH3)2 

5 

316 

6,6-Dibromo-l,10- 

8-Amino-5,6-dibromoquiQollne 

Glycerol 

14 

316 

7-Chloro-3-methyl-l,10- 

8-Amino-4-chloroquinoline 

CH2=C{CH3)CH(0C0CH3)2 

3 

315 

2-Hydroxy-4-inethyl* 

1,10- 

8-Amino-2-hydroxy-4-methylquino- 

line 

Glycerol 

20-30 

80 

2,9-DimethyM,lO- 

8-Aminoquinaldine 

Crotonaldebyde diacetate 

7 

315 

3,4-DimethyI-l,I0- 

3,4-Dimethyl-8-amInoquinoIine 

Glycerol 

22 

271 

3,5-Dimethyl-I,10- 

8-Amino-6-methylquinoline 

CH2=C(CH3)- 

CH(0C0CH3)2 

4 

317 

3,6-Dimethyl-l,10- 

8-Aimno-3,6-dimethylquiDoUne 

Glycerol 

3 

317 

3 ,7-pimethyl-l , 1 0- 

8-Amino-4-methylquinoline 

CH2=C(CH3)CH(0C0CH3)2 

2 

315 

3,8-Dimethyl-l,10- 

8-Aniino-3-methyIquicoIme 

CH2=CCCH3)CH(0C0CH3)2 

9 

315 

4,5-Dimethyl-l,lG. 

8-Aniino-4,5-dimethylquinoline 

Glycerol 

24 

317 

4,0-Dimethyl-l,lft- 

8-Amino-4,&-dimethylquiQoI}ne 

Glycerol 

11 

317 

4,7-Diraethyl-l,10- 

8-Amino-4-methylquinoIine 

CH30CH2Cfl2C(0CH3)2CH3 

7 

315 

5,6-Dimethyl-l,10- 

8-Amin<>-5,6-dimethylquinollne 

Glycerol 

9 

315 

4,6-DiphenyI-l,10- 

4,6-Diphenyl-8*aminoqumoline 

Glycerol 

10 

282 

4,7-Diphenyl-l,10- 

4-Phenyl-8-aiiuDOquinoIine 

C 6 H 6 COCH 2 CH 2 CI 

40 

282 

3,4,6-Trimethyl-l,10- 

3,4,6-Trimethyl-8-aminoquinoUDe 

Glycerol 

19 

271 

3,4,7-Trimethyl-I,10- 

3,4-Diinethyl-8-aminoquinoUac 

CH3C0CH=CH2 

31 

271 

3,4,8-TriinethyI-l,10- 

3,4-Dimethyl-8-aminoquinoliDe 

CH2=C(CH3)CH(OCOCHi)2 

9 

271 

3,5,6-Tribromo-l,10- 

8-Amino-3,5,6-tribromoquinoline 

Glycerol 

27 

316 

3,5,6-Trimethyl-l,10- 

8-Amino-5,6-dimethylquinoliDe 

CH2=C(CHs)CH(OCOCH3)2 

9 

315 

3 ,5 ,7-Trime t hy 1- 1 , 1 0- 

8-Amino-4,6-dimethylquinoline 

CH2=C(CH8)CH(0C0CH3)2 

16 

317 

3,5,8-Trimethyl-l,lft- 

8-Amino-3,5-dimethyIquicolme 

CH2=C(CH3lCH(OCOCHs)2 

9 

317 

3,6,7-TrimethyM,10- 

8-Amino-4,5-diinethylquiDoline 

CH2==C(CH s) CH(0C0CH3)2 

2 

317 

4,5,7-TrimethyI-l,10- 

8-Ainino4,6-dimcthylquinolme 

CHsCOCH=CH2 

1 

317 

3,5,6,8-Tetrabromo-l,10- 

8-Amino-3,5,6-tribromoquinoIine 

CH2=C(Br)CH(OCOCH3)2 

4 

316 

3,4.6, 7-Tetramethyl-l, I&- 

3 ,4 ,6-Trlmethyl-S-amInoquiooline 

CH3C0CH=CH2 

5 

271 

3,4,6.8-Tetramethyl-l,10- 

3,4,6-Trimethyl-S-aminoquinoline 

CH2=C(CH3)CH(OCOCH:)2 

9 

271 

3,4,f,8-TetraraethyI-l,10- 3,4-Diraethyl-S-amiDoquinoline 

CHsCOCHfCHslCH-OH 

20 

271 

3,5,6,8-Tetramethyl-l,10- 

8- Amino-3, 5, 6-trimetbylquinoIine 

CH2=C(CH3)CH(OCOCIl3)2 

22 

315 


Note: References 11&-322 are listed on pp. 9-I--98. Where one reference is italiciied, the yield reported is taken 
from that reference. 
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ORGANIC REACTIONS 


TABLE IV 


Compot:nds Containing Two or Three Quinoline Nuclei Separated 


BY 

One or Two Carbon Atoms 

Yield 

Refer- 

Product 

Reactants 

% 

ences 

6,6'-Diquinolylinethane 

4,4'-Diaminodiphenylmethane 
+ glycerol 

19 

202 

6,6'-Diqumolyl ketone 

4,4'-Diaminodiphenyl ketone 
+ glycerol 


203 

Tri- (6-quinoly 1) methane 
sym-6,6'-Diquinolyl- 
ethane 

Pararosaniline + glycerol 

— 

203 

sym-4,4'-Diaminodiphenylethane 
+ glycerol 

— 

204 

si/OT-2,6'-Diquinolyl- 

ethylene 

l-(P'Aminophenyl)-2-(2-quino- 
lyl)ethylene + glycerol 

— 

192 


Note; References 116-322 are listed on pp. 94-98. Where one reference is 
italicized, the yield reported is taken from that reference. 
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TABLE V 

Phenanthrolines 


l,10~Pkenanthroline8 

Phenanthroline 




Reactants 

Yield 





xteier- 

Amine 

Second Component 

% 

ences 

1,10-Phenanthroline 

o-Phenylenediamine 

Glycerol 

45 

76 


8-Aminoquinoline 

Glycerol 

40 

71, 78 

(5)6-Chloro-l,10- 

O-Chloro-S-aminoquinoline 

Glycerol 

56 

79 

3-Bromo-l,10- 

8-Amino-3-bromoquinoIine 

Glycerol 

20 

316 

C5)6-Bromo-l,10- 

5-Bromo-8-aminoquinoline 

Glycerol 

40 

76 


6-Bromo-8-aminoqiiinoline 

Glycerol 

46 

79 

{5)6-Nitro-l,10- 

5-Nitro-8-aimnoquinoline 

Glycerol 

— 

76 

2-Methyl-l,10- 

2-Methyl-8-aminoquinoIiRe 

Glycerol 


183 

3-Methyl-l,10- 

S-Aminoquinoline 

CH2=CCCH3)CH(0C0CH3)2 

6 

315 

4-Methyl-l,10- 

8-Amino-4-methylquinoUne 

Glycerol 

15 

315 

5C6)-Methyl-l,10- 

8-Amino-6-methylquinoline 

Glycerol 

66 

79 

4-Phenyl-l,10- 

S-Aminoquinoline 

CsHsCOCHsCHoCl 

15 

282 


4-Phenyl-8-aminoquinoUne 

Glycerol 

Poor 

282 

5{6)-Phenyl-1.10- 

O-Phenyl-S-aminoquinolme 

Glycerol 

20 

282 

3,5-Dibromo-l,10- 

8-Amino- O-bromoquinoline 

CH2=CfBr)CH(OCOCH3)2 

1.4 

316 

3,6-Dibromo-l,10- 

8-Amino-3,6-dibromoqumoUne 

Glycerol 

28 

316 

3 ,8-Dibromo-l ,10- 

8-Amino-3-broraoquinoIiiie 

CH2=CCBr)CH(OCOCH3)2 

5 

316 

5,&-Dibromo-l,10- 

8-Amino-5,6-dibromoquinoline 

Glycerol 

14 

316 

7-ChIoro-3-niethyl-l,10- 

8-Amino-4-chloroquinoline 

CH2=CCCH3)CH(0C0CH3)2 

3 

315 

2-Hydroxy-4-B:vetbyl- 

1,10- 

8-Amino-2-hydroxy-4-raethylquino- 

line 

Glycerol 

20-30 

80 

2,9-Dimethyl-l,10- 

S-Aminoquinaldine 

Crotonaldehyde diacetate 

7 

315 

3,4-Dimethyl-I,10- 

3,4-Dimethyl-8-aminoquinoline 

Glycerol 

22 

271 

3,5-Dimethyl-l,10- 

8-Amino-6-methylquinoliDe 

CH2=C(CH3)- 

CH(0C0CH3)2 

4 

317 

3,6-Diinethyl-l,10- 

8-Amino-3,6-dimethylqumoline 

Glycerol 

3 

317 

3,7-Dimethyl-l,10- 

8-Amino-4-methylqmnoline 

CH2=C(CH3)CH(0C0CH3)2 

2 

315 

3,8-Dimethyl-l,10- 

8-Amino-3-methylquinoline 

CH2=CCCH3)CHC0C0CH3)2 

0 

315 

4.5-Dimethyl-l,10- 

8- Amino-4, 5-dimethylquinoline 

Glycerol 

24 

317 

4,5-Dimethyl-l,10- 

8- Amino-4, 6-<iimethylquinoline 

Glycerol 

n 

317 

4 ,7-Dime thy 1-1 , 1 0- 

8-Amino-4-methylquinoline 

CH30CH2CH2C(0CH3)2CH3 

7 

315 

5,6-Dimelhyl-l,10- 

8-Amino-5,6-(limethylqumolme 

Glycerol 

9 

315 

4,6-DiphenyI-l,10- 

4,6-Diphenyl-8-aminoquinoUne 

Glycerol 

10 

282 

4.7-Diphenyl-l,10- 

4-Phenyl-8-aminoquinoline 

C 6 H&COCH 2 CH 2 CI 

40 

282 

3,4,0-Trimethyl-l,10- 

3,4,6-Trimcthyl-8-aminoquiaoUne 

Glycerol 

19 

271 

3,4,7-Trimethyl-l,10' 

3 ,4-Dimelhyl-8-3miDoqumolme 

CH3C0CH=CH2 

31 

271 

3,4,8-TrimethyM,10- 

3 , 4- Dim et by I-8-ami noquinoline 

CH2=C(CH3)CH(0C0CH3)2 

9 

271 

3,5,6-Tribromo-l,10- 

S-Amino-3,5,6-tribromoquinoHne 

Glj’cerol 

27 

316 

3,5,6-TrimethyM,10- 

8-.A.mino-5,6-dimethylquinoline 

CH2=C(CHs)CH(OCOCH3)2 

9 

315 

3.5,7-Trimethyl-l,10- 

8-Amino-4,6Klimethj’lquiaoline 

CH2=C(CH3)CH{0C0CH3)2 

15 

317 

3,5,8-Trimcthyl-l,l{). 

8-Amino-3,5-dimethyIqumoline 

CH2=C(CHs)CH(OCOCn3)5 

9 

317 

3,6,7-TrimcthyI-l,l0, 

8-Amino-4,5Klimethylquinoline 

CH5=C(CH3)CH(OCOCIIs)3 

2 

317 

4,5,7-TTimethyl-l,lO- 

8-Amino-4.6-dimethylqmnoline 

CHsCOCH^CHj 

1 

317 

3.5,C,S-Tetrabroma-l,10- 

8-Amino-3,5,6-tribromoqumoline 

CH:r=C(Br)CH(OCOCH3)2 

4 

316 

3.4.6.7-Tetramelhyl.I,10- 

3,4,6-Trimethyl-S-aminoquinoline 

CHsCOCH=CH2 

5 

271 

3.4,6.S-Tetramethyl-I,10- 

3.4.6-Trimethyl-S-ammoquinonne 

CH3=C(CH3)CH(OCOCH3)s 

9 

271 

3.4.7.S-TetramelhyI-1.10- 

3,4-Dimfthyl-S-ammoqmnoIint 

CHsCOCH(CH3)CH;OU 

20 

rt-| 

3,5.C.S-Tetramelh>i-l,10- 

S-Araino-3.5.6-lrimethyIquinoline 

CH2=C(CHj1CH(0C0CH,)j 

22 

315 


A off: Pkoffrencca 116-322 art Ibttd on pp. 94-98. Wbert oat rtfertnot is itallcistd. tHt yif!d rrporttJ is taicn 
froa that referenct. 
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ORGANIC REACTIONS 


TABLE V — Continued 

Phenanthuolikes 

B< t,7~Phe7UinlkToUnet 

Phenanthroline 





Jlenfbnla 


\1cld 

f^efer- 


Amine 

Second Component 

/O 

ences 

1,7-Pheiianthrolme 

m-Phenylenediamine 

Glycerol 

to 

36. 43, 70. 
7/, 72. 

6-Bromo-l,7- 

4-Bromo-Tn-phenylcnediamine 

Glycerol 

30 

183 

131 

5-Nitro-1.7- 

6-Nitro-m*phcQylencdiainine 

Glycerol 

44 

222 

2-Hydroxy-l,7- 

2-Hydfoxj*-7-amiQOQmnoUne 

Glycerol 

60 

1S5 

6-Hydroxj’-l,7- 

6-Amino-8-bydfox>'quinoline 

Glycerol 

40 

131 


2,4-Dimtrophenol 

Glycerol 

10 

255 

8-Hydroxy-l,7- 

2’Hydrou'-5-ajniaoquinolme 

Gb’cerol 

C2 

185 

lO-Hydroxy-1,7- 

4-Hydror)'‘5-aminoquinormo 

Olj'cerol 

DO 

240 

2-Methyl*l,7-(logcther 

2-M€thyl-7-amino<iuinoline 

Glycerol 

— 

163 

with the linear isomer 
2-mcthyH,9-anthfa- 
zoline) 

6-M6thyl-l,7- 

8-Methyl-5-aminoquinoline 

Olycero! 


2S0 

2-Hydroxy4-methyl-l,7- 

2-Hydroxj'-4-methyl*7-aimnoquioo\iDe 

Glycerol 

GO 

185 

10-Hydroxj'-8*mcthyM,7- 

4-Hydroj:y-2*metbyl-5-aimooquinolioe 

Glycerol 

GO 

1S5 


PbenanthroUne 



4,7-PhenanlhroViae 


l,2,3,4-Tetrahydr(M,7- 
or the lineat isomer 
1 ,2 ,3 ,4-tetrahydro- 
1,6-anthrazoUne 
6-Bromo-4,7- 
l-Hydro:^-4,7- 
3-Hydroxy-4,7- 
l-Hy<lroxy-3-methyl-4,7- 
3*Hydroxy-l-methyl-4,7- 
3-Keto-4-methyl-4,7- 
l,3-DiiiiethyM,7- 
3,8-Dimethyi-4,7- 
5,6*Beiizo-4,7- 


1,8-Phenanthrohtie 
6-Methyl-l,6-phenantliroline 
5-M ethyl-1 ,6«anthrazoUne 
2-Hydroxy4,5,lD-tri- 
methyl-ljS-anthrazolme 
Note: References 11&-322 
from that reference. 


C. 4.7»PAfnonfArof(nei 



Reactants 

Yield 

Refer* 

Amine 

Second Component 

% 

ences 

p-Phenylenediamine 

GJi’cerol 

GO 

3D, 70, 71, 
72 

p^Nitroamllne 

Glj’cerol 

46 

73 

G*Aininoquinolioe 

Glycerol 

100 

60.73,150 

l,2,3,4-Tetrahydro-G-BmiiioquinoUne Glycerol 

— 

217 


8-Bromo-6-amiQoq\iinollne 

Glycerol 

60 

131 

4-Hydroxy-6-ftminoquinoline 

Glycerol 

Good 

180 

2-Hydroxy-6»anunoqumolioe 

Glycerol 

Quant, 

74 

4-Hydroxy-2-inethyl-G-ariunoq\anolin b 

Glycerol 

88 

186 

2-Hydroxy-4-toethyl-D-8ininoqujnoline 

Glj'cerol 

83 

60, m 

2-Keto-l-raethyl-6-aminoq\unoline 

Gl>'Cerol 

65 

74 

2,4-Dimethyl>&.BjinnoquiaoliQe 

Glycerol 

— 

143 

p-Phenylenediamine 

CH3CH=CnCHO 

__ 

244 

l.i-Diaminonaphthalene 

Glycerol 

- 

143 

D. Other PhenarUhrotinti 

5-Aimnoisoq\unoUnc 

Glycerol 

6 

76 

2-M ethyl-4-amiRoquiQoUDe 

Glycerol 

6 

81, 82 

S-Methyl-O-acetylaroinoquinoline 

Glycerol 


60 

2-Hydroxy-4,6,8-trimeth3d-6~ainino- 

quinoUne 

Glycerol 

— 

60 


are listed on pp. 04-98, Where one reference is italicized, the yield reported ia takei 
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TABLE VI 

Miscellaneous Quinolines 

Reactants 




Second 

Yield Refer- 

Product 

Amine 

Component 

% 

ences 

5,6-TrimethyIenequmoHne 

3,4-Trimethylencanirme 

Glycerol 

6 

94 

6,7-TriinetfiyleneqmnoUne 

3,4-Trimethyleneanilinc 

Glycerol 

54 

94 

7,8-Trimethyleneqmnoline 

2,3-Trimethyleneamline 

Glycerol 

60 

147 

7,12-Diketoiiaphtho(2,3-MquinQline 

l-Amino-9,10-diketoanthracene 

Glycerol 

— 

43, 60. 61 

6,6-Dihydroxy-7,12-diketonaphtho- 

l-Amino-3,4-dihydroxy-9,10-diketo- 

Glycerol 

— 

43 

(2,3-A)quinoline 

anthracene 




8-Amino-9-methyl-7,12-diketonaph- 

l,5-Diamino-2-methyl-9,I0-diketo- 

Glycerol 

97 

63 

tho(2,3-ft)quinoline 

anthracene 




lO-Methyl-l l-amino-7, 12-diketonaph- 

l,8-Diamino-2-methyl-9,10-diketo- 

Glycerol 

— 

63 

tho(3,2-/»)qviinoline 

anthracene 




Naphtho(2,3-/)quinoline 

2-Aminoanthracene 

Glycerol 

— 

64, 164 

7,12-Diketonaphtho(2,3-/)quinoUne 

2-Amino-9,10-diketoanthracene 

Glycerol 

— 

62 

3-Methyl-7,12-diketonaphtho{2,3-/)- 

2- Amino-9, 10-diketoanthracene 

Paraldehyde 


60 

quinoline 





5,6-Dihydroxy-7,12-d}ketonaphtho- 

2-Amino-3,4-dihydroxy-9,10-diketo- 

Glycerol 

— 

43, 59, 64 

(2,3-/)quinolme 

anthracene 




6,7-Benz-12-ketonaphtho(2,3-/)- 

2-Amino-9, 10-diketoanthracene 

Glycerol 

— 

171 

quinoline 





Naphtho(l,2-^)quinoUne 

1-Aminophenanthrene 

Glycerol 

_ 

55 

Naphtho(2,l-/)quinoline 

2-AmiDOphenantbrcne 

Glycerol 

90 

56 

5,6-Dihydronaphtho(l,2-c)quiDoUne 

2-Amino-9,10-dihydrophenantbrene 

Glycerol 

50 

56 

Naphtho(l,2-/)quinoline 

S-Aminopbenanthrene 

Glycerol 

45 

56 

Naphtho(2,l“MquinoUoe 

4-AniioopbenantbreDe 

Glycerol 

20 

55 

Biben 2 o(/,A)quiQoliae 

9-AimDopbeoaDihrene 

Glycerol 

60 

54 

Pyrenoline 

3-Aimnopyreae 

Glycerol 

— 

57 

1 l-Indeno(2,l-/)qumolme 

2-Amino0uorene 

Glycerol 

— 

65 

1,5-Naphthyridme 

S-Amioopyridine 

Glycerol 

28 

66, 274, 
SIS 

2-Hydroxy-l,5-naphthyridine 

3-Amino-6-hydrox3T)yridiDe 

Glycerol 

15 

66. S14 

Thieno(2,3*6)pyridine 

2-Aminothiophene 

Glycerol 

5 

67 

2-Kcto-l,2-dihydr<>-I-oxa-8-aza- 

6-AimDocoumarin 

Glycerol 

57 

68, SOO 

phenantbrene 





9-Methyl-2-keto-l, 2-dihydro- 1-0 xa- 

6-Nitro-7-methyrcoumarin 

Glycerol 

35 

68 

S-azaphenanthrene 





4,9-Dimethyl-2-keto-l,2-dihydro- 

6-Nitro-4,7-dimethylcoumarin 

Glycerol 

20 

68 

l-oxa-8-azaphenantbrene 





9, lO-Benz-2-keto-l, 2-dihydro- 1-0 xa- 

6-Nitro-I,2-<t-naphtbapyTODe 

Glycerol 

30 

68 

S-azaphenanthrene 





4-Methyl-9,10-benz-2-keto-l,2-dihy- 

6-Nitro-4-mcthyl-l,2-a-naphtba- 

Glycerol 

50 

68 

dro-l-oxa-8-azaphenanthrene 

pyrone 




Ben2ofuro(2,3-/)quinolme 

S-Aminodibenzofuran 

Glycerol 

28 

95. 96, 97 

Benzofuro(3,2-ff)quinoline 

S-Aminodibenzofuran 

Glycerol 

32 

95, 96, 97 

5-Nitrobenzofuro(2,3-/)quinoUne 

3-Ainino-2-mtrodibcnzofuran 

Glycerol 

24 

97 

Bcniofuto(3,2-/)quino\ine 

2-Aminodibenzofuran 

Glj'ccrol 

— 

96 

Benzofuro(2,3-<7)quinoline 

2-Aminodibenzofuran 

Glycerol 

-- 

96 

S-Benzenesulfonamidobenzofuro- 

2-Amino-3-bcnzenc8ulFonamido- 

Glycerol 

45 

97 

(3,2-/)quinoUne 

dibeniofuran 




12-Xanthono(2,l-i)pyridine 

2-Amin oxanthone 

Gb’cerol 

— 

69 

10-Nitro-12-xanthono(2,l-6)p>Tidine 

2,7-Duiitroianthone 

Glycerol 

— 

69 

PjTidmo(2',3',4,5)b€nzothia2ole 

4-Aminobenzotluazole 

Glycerol 

30 

305 

Pyridino(2',3',6,7)beniothiazole 

G-Annnobcniothiaiole 

Glycerol 

60 

304 

2-^^ethylp3Tidino(3^2^4.5)b€nIO- 

5-Amino-2-methylbenzothja2ole 

Glycerol 

— 

302 

thiatole 





iVofr; References 116-322 are listed 

on pp. 94-9S. Where one reference Is 

italicized, the j’ield reported 

is taken 


from that reference. 
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TABLE VI — Continued 


MiscEiiiiANEOUs Quinolines 


Product 

3-Phenyl-3-triaiolobeiiio(/)qmnoUne 

2-Phenyl-2-trmiolobenio(/)QuinoUno 

2-!>-Tolyl-2-triaio\obeiizo(/)qiunoUne 

or 

2- p-Tolyl-2-triaro!obenioWquioolin8 
Pytidino(3',2'.4,5)-b«iiiotHadia!ole 

3- Phciiyl-3-iimdaio(/)q«iiiolm8 
2-Phenyl-3-imidflzoC/)qmooUne 
S-p-TolyM-iuddaioWJquinoUne 
l-Phenyl-4-cbloro-l-iimda*oCp)qmno- 

line 

1- !>-TolyI-4-<:Uoro-l-miidiro{5)quino- 
Une 

2- Phenyl-4-bromo-l-imidalo(ff)qmno- 
line 

l-Pyraiolot3,4-/)qmnolme 
6-Cbloro-l-pyrqiolQC4,3-fl)qmnoUne 
QmnobnoCS ,7-h) quinoline 
9,IO*DiketodipyTidoantIiraceoc 

9.10- Diketodipyridoantliracene 

9.10- Diketodipytidoanthraccno 
Dimetbyldipyridoaoridine 
Dipyrido C2 ,3-/,31 quinoline 
Di-6-quinolyl oiide 


Reactanta 



Second 

Yield 

Refer- 

Amine 

Component. 

% 

ences 

l-Phenyl-S-amino-l-beniolriarolft 

Glycerol 

— 

322 

2-Ph€iiyl-5*aimno-2-beniotria2ole 

Glycerol 

— 

322 

2-i>‘Tolyl-5-mtrO“2-beniotriaiole 

Glycerol 


137 

S-Anunobenxotbiadiaxole 

Glycerol 

— 

303 

l“Phenj’l-5-aminobcntimldai6l6 

Glycerol 

— 

322 

2-Phenyl-5-amiBobeMumda2olo 

Glycerol 

35 

322 

l-p-Tolyl-S-aminobeniimidaiole 

Glycerol 

— 

322 

l-Phenyl-i-cUoro-S-aminobeni- 

Gb’cerol 

— 

322 

iinidaiole 

l-|>-Tolyl4-cliIoro^anuaobcnr- 

Glycerol 

— 


imidazole 

2-Pheiiyl4-bromo-5-aminobciii- 

Glycerol 

— 

322 

imidazole 

fr-Arnmnindazolft 

Glycerol 

30 

322 

6*Amino-7-cblororadaiole 

Glycerol 

— 

322 

1,5-DlamlnoDaphthalene 

Glycerol 

— 

104 

l,S-‘Vi&ada<h9,tO‘iatbnqmDone 

Glycerol 

— 

61 

2,6>Dlamlno>9,10-antbraqumoDe 

Glycerol 

— 

62 

2,7-Diamiiio-9,lO«*nlluaquvnone 

Glycerol 

— 

62 

3 ,&>DlamlQoacridine 

CHzCH=CHCHO 

— 

244 

1 ,3 .EhTriamloobeozene 

Glj'cerol 

— 

210 

4.4 •Diamloodipbenyl oxide 

Glycerol 

— 

310 


Noli: Referencea 116-322 are bated on pp, 94-98. Where one reference ia italiciaed, the yield reported ia taken 
from that reference. 
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INTRODUCTION 

This chapter is a review of those reactions of compounds containing 
labile amino groups in which a carbon-carbon bond is formed by amine 
replacement, as, for example, in the alkjdation of diethyl malonate by 
l-dimethylamino-3-butanone. 

CHjCOCHiCH-NfCHsli + CH^CCOsCjHs). -> 

CH3C0CHjCH2CH(C02C2H6)2 + (CHsIjNH 

In the most general terms, these alkylation reactions maj' be written 

ZCHiNRiR: -f HY ZCHjY + HNRiRj 
or ^ 

ZCH-.NRiRjRj X- -f MY ZCH^Y + NR1R2R3 + MX 

where 



, ~ 1 drogen cyanide, active methjd and methjdene compounds; and 
a 'ali cyanides, sodio derivatives of active methyl or methylene 
compoun s, Grignard reagents, or organolithium compounds. 

I .ntam has been given primarilj- to reactions of amines that can be 
pr.p.w. \ the Mannich reaction' (Mannich bases), but, for com- 

P in A-l-m... O-cv-.ic Krarfvorj. Vol. I. p. 303, John WHey & Sons, 1942. 
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parison, analogous reactions of simpler quaternary ammonium salts have 
been included in the discussion and tables. A number of reactions which 
are closely related to these simple alkylations but follow a somewhat 
different pattern are discussed in the Related Reactions section and are 
not included in the tables. 


SCOPE AND LIMITATIONS 
General Considerations 

The most important groups of compounds capable of engaging in 
carbon-carbon alkylations by amine replacement are: 

(a) Simple quaternary ammonium salts containing benzyl and methyl 
radicals. The general formulation of carbon-carbon alkylation with 
such salts corresponds to the third equation on p. 102 

(b) Tertiary amines that can be prepared from ketones, phenols, 
heterocyclic compounds, and nitro compounds by the Mannich re- 
action.^ 


0 H 

. II I 

R— C— C— H -t- CH2O -f- HNR2-HC1 

I 

R' 


0 H 

II I 

R— C— C— CHzNRj-HCl + H2O 

I 

R' 

OH OH 

+ CH2O -t- HNR2 




J 


-I- CH2O -f HNR2 



CH3CH2CH2NO2 + CH2O + HNR2 -> CH3CH2CH(N02)CH2NR2 + H2O 

The general form of the reactions of carbon-carbon alkylations by 
amine replacement undergone by these Mannich bases is shown in the 
second equation on p. 102. 
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(c) Quaternary salts of Mannich bases, rvhicb 
reaction of the tertiary amines mth alkyl halides or dimethyl s 

ZCH 2 NR 2 + R'X — > ZCH 2 NR 2 R'X“ 


The general form of the reactions undergone by these salts is shown 
in the third equation on p. 102. 


Structural Considerations 

Structure of the Alkylating Radical. The ability to form a, conjugated 
unsaturated system by amine elimination seems to be the main structura 
requirement for facile carbon-carbon alkylations by amine replacement 
^vith tertiary amines (see p. 126). The structural features required or 
amine elimination are indicated in formulas I and II. An enolizable 
hydrogen atom must be so located that when it and the dialkylamino 

H 

1 ! 1 

A=C— C— C— NR. A=C— C=C -t- HNR 2 

111 111 

I 

1 

HA— C=C— C— NR. -!• A=C— C=C + HNR 2 

111 111 

11 

group are removed from the molecule a conjugated unsaturated system 
can be established by electron transfer. 

The structural characteristics necessary for easy carbon-carbon 
alkylations with quaternary ammonium salts are similar. A number of 
quaternary salts that cannot undergo amine elimination can be used as 
alkylating agents, although in general the reactions are much slower 
than those of quaternary salts which can suffer amine elimination. 
WTicre amine elimination is not possible, the structural requirement of 
the alkylating radical appears to be either the presence of an allylic 
system, as in benzyl, 1-methylskatyl (III), and furfurj’l radicals, or 
freedom from steric hindrance to rearward attack, as in the meth 3 d 
radical. 
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Structure of the Amino Group Replaced. The structure of the amino 
group replaced in carbon-carbon alk 3 dations of this type is of some 
importance in the economic and operational aspects of these reactions. 
The presence of certain amino groups that could undergo alkylation by 
the alkjdating radical, such as derivatives of aniline, is probably un- 
desirable in some of these reactions. 

Structure of the Substance To Be Alkylated. Onl}'- those substances 
that can easity form anions can be alkylated by Mannich bases or 
quaternary salts. Active methylene compounds and their sodio de- 
rivatives, hydrogen c^mnide and its salts, and organometallic compounds 
such as Grignard reagents and alk 3 d- or aryl-lithium compounds con- 
stitute the principal members of this class of substances. 

The carbon-carbon alkylations with amines and ammonium salts to be 
considered in detail are the following. 

(a) Replacement of amino groups by cyanide 

(b) Alkylation of active methyl and methylene compounds 

1. Alkylation of aliphatic nitro compounds 

2. Alkylation of ketones and /9-keto esters 

3. Alkylation of esters 

4. An alk 3 dation of indole 

(c) Amine replacement reactions of quaternary salts with organo- 
metallic compounds. 

Replacement of Amino Groups by Cyanide 

Quaternary Ammonium Salts and Alkali Cyamdes. Quaternary 
ammonium cyanides are difficult to prepare, but mixtures of certain 
quaternary ammonium salts with alkali cyanides decompose when 
strongly heated in a manner expected of quaternary ammonium cyanides. 
The reactions are analogous to those of quaternary ammonium halides 
in that benzyl and methyl groups are cleaved from the quaternary 
nitrogen atom and couple with the anion of the salt. In at least one 
reaction, however, olefin formation, similar to that found in the Hofmann 
exhaustive methylation, occurs more readily than does simple amine 
replacement.- 

When tetramethylammonium cyanide is heated, acetonitrile, methyl- 
carbylamine, and trimethylamine are formed. * Acetonitrile and methyl- 
ethylaniline are formed when a mixture of potassium cyanide and di- 
methylethylanilinium iodide is distilled to dryness.'* 

^Snyder and Brewster, J. Am. Chem. Soc., 71, 291 (1949). 

3 Thompson, Ber., 16, 2338 (1883). 

* von Meyer and Schwabe, Abhandl. riuith.-phys. Klasse aUcJui. Gea, Wias,, 31, 179 (1908) 
[Chem. Zentr,, 80, II, 1800 (1909); C. A., 6, 887 (1911)]. 
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Although benzyldimethyknilmium halides do not react 
with sodium cyanide in boiling water, ‘ benzyl cyanide is formed n en 
aqueous solution of the two salts is distilled to dryness/ Sirai ar y, 

methiodide of l-dimethylaminomethyl-2-Tnethoxynaphthalene i 

R = CH 3 ) reacts with sodium cyanide to form 2 -methoxy-l-nap J 
acetonitrile (V, R = CH 3 ) only when an aqueous solution of ^ 
salts is evaporated to dryness and distilled in vacuum at tempera ur 
above 150°/ On the other hand, when a mixture of sodium cyam ® ^ 
N,N,N-trimethyl-a-phenylethylammonium iodide (VI) was simi ar 



CHjNCCHa). 


CHoCN 




^OR 

u 





IV 


V 


treated, styrene was formed and no hydratroponitrile covdd be detected 
in the reaction products/ 

ICaHsCHNCCHsld+I- 

1 

CHj 

VI 


Although none of the reactions described above is of preparative 
interest, since the corresponding methyl and benzyl halides are readily 
available, the analogous reactions of the quaternary salts of Mannich 
bases derived from indole are useful in the preparation of indoleaceto- 
nitriles. The methiodide of gramine ( 3 -dimethylaminomethyl' 
indole, Vila) reacts with potassium silver cyanide in boiling water to 
form indole-3-acetonitrile (VIII), isolated as the acid in 46% yield/'’’ 
The methosulfate of gramine reacts readily with potassium cyanide in 
aqueous ethanol to form the same nitrile (VIII) (isolated as the acid in 
50% yield from gramine) /•*“ The quaternary salt of gramine is formed 


•^CHjNRj 

N 
H 

VII 

Vila Gramine; R = CHj 





iCHjCN 


N 

H 

VIII 


‘ Snyder and Speck, J. Am. Chem. Soc., 61, 668 (1939). 

' Snyder and Brewster, J. Am. Chem. Soc., 71, 1058 (1949). 
Schramm, J. Am. Chem. Soc., 73, 2961 (1951). 

Schopf and Theaing, Angew. Chem., 63, 377 ( 1951 ). 

'' Geissman and Armen, J. Am. Chem. Soc., 74, 3916 (1952). 

’ Snyder, Smith, and Stewart, J. Am. Chem. Soc., 66, 200 (1944). 
* Heidelberger, J. Biol. Chem., 179, 139 (1949). 

Thesing and Schillde, Chem. Ber., 86, 324 (1952) . 
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in situ by the addition of dimethyl sulfate to the solution of gramme 
and potassium cyanide. The methiodide of l-methylgramine (IX) 
reacts with hot aqueous sodium cyanide to give mainly the expected 
product, l-methyl-3-indoleacetonitriIe (X, 60-64%), together with 
smaller amounts of l,3-dimethyl-2-cyanoindole (XI, 4%),® apparently 
by an allylic rearrangement during the alkjdation process. The Mannich 
bases of N-methyl- and N-phenyl-pyrrole yield the normal products 


jjCHjNfCHnljI- 

N 

CHs 

IX 



NaCN 
> 


HiO 



+ N(CH3)3 + Nal 


CHa 

X 


CHa 

XI 


In a similar fashion, furfuryltrimethylammonium iodide (XII, 
R = H) yields a mixture of furfuryl cyanide (XIII, R = H, 27%) and 
2-cyano-5-methylfuran (XIV, 5%), and 5-methylfurfuryltrimethjd- 
aramonium iodide (XII, R = CH3) gives 5-methylfurfuryl C 3 ’-anide 
(XIII, R = CH3) in 37% yield.“> 

The methiodide of /S-dimethylaminopivalophenone (XV) reacts with 
sodium cyanide when an aqueous solution of the two salts is distilled 
to form /S-dimethjdaminopivalophenone (XV) and, presumably, ace- 
tonitrile.” 

rCTJ CHjNTCHalal- 
0 


bIJ CHaCN 
O 


XII 


XIII 


ITJlc 


N(X^ JCII3 
0 

XIV 


CHs 

I 

CeHsCOCCHsNtCHslz 

I 

CHa 

XV 


* Suyder and EUel, * * *** 7^. Am. Chem. Soc., 70, 1703, 1857 (1948). 

Herz and Rogers, J. Am. Chem. Soc.^ 73, 4921 (1951). 

*** EUel and Peckham, J. Am. Chem. Soc., 72, 1209 (1950). 
Snyder and Brewster, J. Am. Chem. Soc,, 71, 1061 (1949). 
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Tertiary Amines and Hydrogen Cyanide. Tertiary 
etottoB a aecoudarr amina to tom “ “ j " i, 
straatore caB react ™th hydroBOB cyaBide to torn B.tr.les oy 

"‘iDXUometWiBdoles (VII) react 

bcBzcBe solution at ISO" to tom indolcS-acetorntnle (^1^ ™ 

similar conditions l-dimethylaminomethyl-2-hydroxTnaphthalene ^ 

R = H) reacts with hydrogen cyanide to form ^-hydroxy-l-n^^h^^ 
leneacetonitrile (V, R = No information on the yields ob 

bv this process is available. _ hppn 

Hydrochlorides of a number of ketonic Manmch bases 
found to react readily with alkali metal cyanides in hot . 

7 -ketonitriles in good yield.« No successful application of react 
to whoUy aliphatic ketonic Mannich bases has been ’ t 

hydrochloride of 2-dimethylaminomethylcyclohexanone fA-Vli 

only a resin or oil when heated with potassium cyanide in 
solution.13 Ketonic Mannich base hydrochlorides of structure A. 
have been found to react satisfactorily with aqueous potassium 
when R is furyl, benzofuryl, thienyl, phenyl, 3-hydroxy- and 3 -metho^- 
phenyl, 4-methyl-, 4-chloro-, 4-bromo-, 4-hydroxy-, and 4 -metlioxy- 

L JcHiNfCHsls 


RCOCCHiNfCHala-HCl + KCN -> RCOCCH 2 CN + HN(CH3)2 + NCI 


XVII Ri = Ri = H 

phenyl; 3, 4-dimethoxy phenyl, a- or |8-naphthyl. The hydrochloride of 
(3-dimethylamino-3-nitropropiophenone formed resins when heated w'lt 
aqueous potassium cyanide.'^ 

Substituents on the carbon atom adjacent to the carbonyl group 
appear to interfere with the reaction with cyanides. The hydrochloride 
of a-dimethylaminomethylpropiophenone (XVII, Ri = H, Ra = CHs) 
formed a resin or oil,'® and the hydrochloride of dimethylaminopivalo- 
phenone (XVII, R^ = R 2 = CH3) underwent a reverse Mannich re 
action to form isobutyrophenone.'* 

“Salrer and Andersag, U. S. pat. 2.315,661 [C. A.. 37, 5418 (1943)1: TJ. S. PB 706. 
Dept, of Commerce, Washington, D. C. 

" Knott, Chem. Soc., 1947, 1190. 
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It has been reported that the salts of Mannich bases made from 
piperidine or morpholine do not react under conditions suitable for 
dimethylamine derivatives. It seems likely that this is at least partly 
due to the fact that the amines being replaced are less volatile than the 
solvent. 

Tertiary Amines and Alkali Cyanides. The Mannich bases of phenols 
and indoles react with sodium cyanide in hot aqueous ethanol to form 
sodium salts of aryl- and indole-acetic acids.*^ Little information on 
yields and the by-products formed is available, though it is reported that 
condensation products are formed from phenolic Mannich bases. This 
is not surprising since phenolic Mannich bases readily undergo self- 
alkylation in weakly alkaline solution to form diarylmethanes.^ 

2ZCH2NR1R2 -f H2O -» ZCH2Z -f CH2O -t- 2HNR1R2 

In the reaction of l-dimethylaminomethyl-2-naphthol with sodium 
cyanide it was found that 2-hydroxy-l-naphthaleneacetic acid (XVIII) 
could be isolated in 47% yield, and the diarylmethane (XIX) was formed 
in at least 20% yield.** It seems likely that diarylmethane formation 
would be a major side reaction in any similar application of this method 
and that phenolic Mannich bases containing unsubstituted ortho or para 
positions would form appreciable amounts of polymeric materials, as has 



XIX (20%) 


been observed in the reaction of 6-dimethyIaminomethylguaiacol with 
sodium cyanide.**" 

Several 3-dialkylaminomethyIindoles (VII) have been subjected to 
reaction with cyanide, but information as to yields is available only for 
dimethylaminomethylindole (gramine, Vila) which in hot aqueous 

** Auwers and Dombrowski, Ann., 344, 280 (1906). 

** J. Brewster, doctoral thesis, University of Illinois, Urbana, 111., 1948. 

Eliel, J. Am. Chem. Soc., 73, 43 (1951). 
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Tertiary Amines and Hydrogen Cyanide. 1 ertinry ainiiU'S ( np.i > 
eliminating a sccondaiy amine to form a ronjiigated nn.'-atura 
structure can react with liydrogen cyanide to form nitrilo h> amin 
replacement. 

3-Dialkylaminomethylindole5 (Vll) react with hydrogen cyanif e m 
benzene solution at l.'iO'’ to fonn indole-.l-acctonitrile {\ III);'" 

similar conditions l-dimothy!aminomcthyl- 2 -hydroxynaphtha!ene ( > 

R = H) reacts with hydrogen cyanide to form 2 -hydrr)xy-l-ooP‘d '•'J 
leneacetonitrile (V, R = H).’- No information on the yield.« obtaina ) c 
by this process is available. 

Hydrochlorides of a number of ketonic. Mnnnich ba-'-e.' have been 
found to rcaet readily with alkali metal cyanide.s in hot water to fonn 
7 -ketonitriles in good yield.*’ No succc.^.'^ftil a])iilicatinn of this reaction 
to wholly aliphatic kctonic Mannich bases lia.s been reported; the 
hydrochloride of 2-dimcthylaminomclhylcyclohexanone (X^ 1) forme 
only a resin or oil when heated with pota.'-’.^ium cyanide in aciucous 
solution.” Ketonic Mannich base hydro eh loridc.s of structure 
have been found to react satisfactorily with aqueous jiota.s.'^ium cyanide 
when R is furjd, benzofurjd, thienyl, phenyl, 3-hydroN'y- ami . 3 -methox>‘ 
phenyl, 4-methyl-, 4-chloro-, 4-bromo-, 4-hyd'ro\y-, and d-methox}' 

XVI 

Ri 

1 1 
RCOCCHsNfCHjlrllCl + KCN -+ RCOCCH-.CN + IINtCHj): + 


R2 

XVII Rt - R, - H 


R- 


phenyl; 3, 4-dimethoy phenyl, a- or /S-naphthyl. The hydrochloride of 
imet ylamino-3-nitropropiophenonc formed resins when heated with 
aqueous potassium cyanide.” 

Substituents on the carbon atom adjacent to the carbonyl group 
appear to interfere with the reaction with cyanides. The hydrochloride 

a- imethylammomethylpropiophenone (XVII, Ri = H, Re = CHs) 

nWin ^ hydrochloride of dimethylaminopivalo- 

actinnT f > ^1 = Re = CH 3 ) underwent a reverse Mannich re- 
action to form isobutyrophenone.” 

^7. 5418 (1943)); U. S. PB 708 

“ Knott, J. Chem. Soc., 1947, 1190. 
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It has been reported that the salts of Mannich bases made from 
piperidine or morpholine do not react under conditions suitable for 
dimethylamine derivatives. It seems likely that this is at least partly 
due to the fact that the amines being replaced are less volatile than the 
solvent. 

Tertiary Amines and Alkali Cyanides. The Mannich bases of phenols 
and indoles react with sodium cyanide in hot aqueous ethanol to form 
sodium salts of aryl- and indole-acetic acids.^^ Little information on 
yields and the by-products formed is available, though it is reported that 
condensation pi'oducts are formed from phenolic Mannich bases. This 
is not surprising since phenolic Mannich bases readily undergo self- 
alkylation in weakly alkaline solution to form diarylmethanes.*'* 

2ZCH2NR1R2 + H2O ZCH2Z + CH2O + 2HNR1R2 

In the reaction of l-dimethylaminomethyl-2-naphthol with sodium 
cyanide it was found that 2-hydroxy-I-naphthaleneacetic acid (XVIII) 
could be isolated in 47% yield, and the diarylmethane (XIX) was formed 
in at least 20% yield.'® It seems likely that diarylmethane formation 
would be a major side reaction in any similar application of this method 
and that phenolic Mannich bases containing unsubstituted ortho or para 
positions would form appreciable amounts of polymeric materials, as has 



XIX (20%) 


been observed in the reaction of 6 -dimethj’laminometh 3 ’lguaiacol with 
sodium c\^anide.'®“ 

Several 3 -dialkylaminomethylindoles (^TI) have been subjected to 
reaction with cj'anide, but information as to yields is available onlj’ for 
dimethj'laniinomethjdindole (gramine, Vila) wliich in hot aqueous 

Augers and Dombron*ski, Ann.^ 344, 2S0 (lt*00). 

^ J. Brotvhtcr, doctoral tlicsis, University of Illinois, Urbana, II!., 194S. 

Eljol. J, Am. Soc., 73, 43 (1951). 
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N 

H 


VIIo 



yu. 


N 


H 

XXII 


CHNO2 


+ 2(CH3)2NH 


Ethyl nitroacetate is dialkylated with gramine in the presence of 
ethanol and sodium ethoxide or in the presence of powdered sodium 
hydroxide in xylene.'® Skatylnitroacetic ester (XXIII), which can be 
converted to tryptophan in good yield, is obtained from gramine and 
ethyl nitroacetate in xylene solution in the absence of any catalyst; 
diethyl nitromalonate may also be alkylated by means of gramine and 
the product may be converted to tryptophan.^® 


(XJ 


N 

H 


iCH2CHC02C2H6 
NO2 


XXIII 


Ketonic Mannich bases react rapidly with nitromethane in the 
presence of alkaline catalysts, as sodium methoxide or ethanolic po- 
tassium hydroxide, to form mono-, di-, or tri-alkylated nitromethanes.^' 
Thus, with the Mannich bases of acetone (XXIV), cyclohexanone (XVI), 
acetophenone (XXV), and 4 -methoxy- and 3 , 4 -dimethoxy-acetophenone, 
monoalkylated products are formed from nitromethane in the presence 
of sodium ethoxide. Some dialkylated product is formed from the 


RCOCHCHjNlCHj). + CH3NO2 - 

I — (CxljJsNxl 


R' 


RCOCHCH 2 CH 2 NO-, (RC0CHCH2)2CHN02. or (RCOCHCH.lsCNOs 

I I I 

R' R' R' 

” Lyttle and Weisbiat, J. Am. Chcm. Soc., 69, 211S (1047); Weisblat and Lyttle, U. S. 
pat. 2,557,041 (C. a., 46, 1593 (1952)). 

” Weisblat and Lyttle, J. Am. Chcm. See., 71, 3079 (1949); U. S. pat. 2,52S,92,S (C. .1., 
45, 3S70 b (1951)]. 

ricichert and Poseniunn, Arch. Pharm., 275, 6/ (193/,;. 
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Mannicli base of 3,4-dimethoxyacetophenone. Di- and tri-alky a 
nitromethanes are formed by reaction of tbe Mannicb base of ace o 
pbenone, nitromethane, and ethanolic potassium hydroxide. 

CH3COCH2CH2NR2 C6H6COCH2CH2NR2 

XXIV XXV 

1- and 2-Nitropropane can be alkylated by tbe Mannicb base derii ed 
from l-nitropropane.^'“'*’ The reaction fails with the Mannicb base 0 
2-nitropropane. 

Alkylation of Ketones and p-Keto Esters. Many alkylations 0 
ketones and jS-keto esters by means of Mannicb bases have been re- 
ported.^^' Tbe principal interest in these reactions has been in the prepa 


/ 

RiCH 


CH2NR3 1- 


/ 

R 2 


0=0 


C02C2II5 

1 

CHRs 

1 

+ 0=0 

/ 

CH2 

1 

lu 


NaOCjHs 


H2C CO2C2H6 

/ \1 

RiCH CRs 

1 1 

0=0 0=0 

/ / 

11,2 CH 2 


II 4 


One or two steps 




R4 0 


I- 

R 3 N 


J One or two steps 


EL5C202C 

1 

RiCH 


\ 


CH 2 

\ 


/ 

R 2 


C=0 


+ 


CHR 


H5C2O2C 

L 

RiC 


CH 2 


CHR 3 


’ NaOCsHs 


0=0 

/ 

CH2 

1 

Ri 


R 


C 

/ 


/ 

0 CH 2 

1 

R 4 


c=0 


Othtt Soc.. 72, 5082 (1950). 

74, 4923 (1952). ^ ^®Ported by Gill, James, Lions, and Potts, J. Am. Chem. Soi 

For 

stone and'ne^^f^^^l^f Barltrop and Saxton. J. Chem. Soc., 1952, 1038; Gu: 
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Mannich base of 3,4-dimethoxyacetophenone. Di- and tri-a y a e 
nitromethanes are formed by reaction of the Mannich base o ace o 
phenone, nitromethane, and ethanolic potassium hydroxide. 

CH3COCH2CH2NR2 C6H6COCH2CH2NII2 

XXIV XXV 

1- and 2-Nitropropane can be alkylated by the Mannich base derived 
from l-nitropropane.^'”-*’ The reaction fails with the Mannich base 0 
2-nitropropane. . j. 

Alkylation of Ketones and p-Keto Esters. Many alkylations 0 
ketones and ^-keto esters by means of Mannich bases have been re 
ported.^'® The principal interest in these reactions has been in the prepa 


/ 

RiCH 


CH2NR3 1- 


/ 


c=o 


R 2 


C02C2H5 

1 

CHR3 

1 

+ 0=0 

/ 

CH2 

1 

Hi 


H2C CO2C2H6 

/ \1 

RiCH CR3 


NaOCiHs 


> 0=0 0=0 

/ / 

R2 CH2 


H 4 


One or two steps 


R4 0 


I- 

R 3 N 


One or two steps 


lUC-OjC 

1 

RiCH 


\ 


CHj 

\ 


/ 


C=0 


4- 


CHR 


’ NaOC-Hi 


Ri 


C=0 

/ 

CHi 

i 

Ri 


HsCiOjC 

L 

RiC 

1 

C 

/ % 

R 2 0 


CH2 


CHRs 


/ 

CH2 

1 

Ri 


0=0 


* * Hartilin J « 

Oih.'r cxamUu Xoc., 72, 5082 (1950). 

71. I'lii (195.'). '‘‘portwl by GUI, Jamca, Lions, and Potts, J. Am. Chem. Sec., 

4.-. i rvU,"l052'‘il^ Batltrop and Saiton, J. Chem. Soc., 1952, 1038: Gun- 
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ch3Coch2CH2N(ch3XC2h: 6)2 r 

+ 



CH3COCH2CH2N(CH3)(C2He)2 l 




CH3 

CH3C0CH2CH2-^^ 




It ,villbe noted 

with a ketonic Mannich base are 5 -diketones, 

cyclohexenone derivatives by cyclizations occur dur- 

examples cited above. Often, as a , simnle cyclohex- 

ing alkylation. These reactions may e use fXXIX) and piperi- 

enone irivetives, such as the topenes caryenone (DI« p 

tone 32.32d.32!- (XXX), bicyclic terpenes containing a g 


0=k^CH(CH3)2 

XXIX 


k^CHCCHsla 


XXX 


, . 33 rYNXD Dolvnuclear aromatic hydrocarbons,^® 

such as the cyperones ^nd containing angular methyl 

fused ring systems related to the s containing angular 

groups, 3^' 33 compounds related to 

,• r 10 147 (1948) [C. A., 42, 7257 (1948)]. 
“Downes, Gill, and Lions, Auslralian ■ ■’ ■ _^gj. ngSO). 

- Downes, GUI, and Lions, /. Am. 

“3 GUI and Lions, J. Am. Chem. ^ ^ chcm. Soc.. 1937, 1576: McQuillin. 

“ Adamson, McQuUlin, Robinson, and Suno 

i 6 id.. 1951 , 716. 1943 , . 191 : 1949 , 1866. 

3* Martin and Robinson, J^. •’ ,040 ISSS 

“ Cornforth and Robinson. J . Chem. Soc., • 
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used as the base. Only a few alkylations of a ketone by a free ketonic 
Mannichbase (tertiary amine) have been reported. One is the alkylation 
of 2-phenylcyclohexanone (XXVIII) with a Mannich base of acetone 
(XXIV), in the presence of one equivalent of sodium amide, which pro- 
ceeds in 42% yield.®" In two other cases, the bases were employe 
as hydrochlorides with sodium hydroxide or potassium i-butoxide as 
catalyst. 

C«Hs 

-t- (CHglaNCHaCHaCOCHa 

XXVIII 

The yield of alkylation product may be increased by formylating the 
ketone first by means of methyl formate. The resulting a-hydroxy- 
methyleneketone (which is considerably more acidic than the parent 
ketone) is then alkylated in good yield with the methiodide of the 
ketonic Mannich base in the presence of sodium methoxide, and the 
hydroxymethylene group is finally removed by basic cleavage at the 
same time cyclization is effected.®"”- ^ 





HCOaCH, . 
NaOCH, " 


+ 


CH^COCH^CH^NfCHjlfCaH.), I" 


R' 



P=0 

CH2CH2COCH3. 

CHO 


When a ketone is to be alkylated, there may be two reactive carbon 
TTini^^ ^ if found that active methinyl groups are 

Sie Irffin K ^'^tive methylene groups. An active methyl- 

bearintr nnl ^ phenyl group is more readily alkylated than one 

principles ^ groups. The following examples illustrate these 
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used as the base. Only a few alkylations of a ketone by a free ketonic 
Mannich base (tertiary amine) have been reported. One is the alky ation 
of 2-phenylcyclohexanone (XXVIII) with a Mannich base of acetone 
(XXIV), in the presence of one equivalent of sodium amide, which pro 
ceeds in 42% yield.®” In two other cases, the bases were employe 
as hydrochlorides with sodium hydroxide or potassium i-butoxide as 
catalyst. 

CrHb 

+ (CHglaNCHaCHaCOCHs 

XXVIIl 

The yield of alkylation product may be increased by formylating the 
ketone first by means of methyl formate. The resulting a-hydroxy- 
methyleneketone (which is considerably more acidic than the parent 
ketone) is then alkylated in good yield with the methiodide of the 
ketonic Mannich base in the presence of sodium methoxide, and the 
hydroxymethylene group is finally removed by basic cleavage at the 
same time cyclization is effected.®”"' '> 





HCO^CH, 
NaOCHj " 



+ 


4- 


CH3C0CH2CH2N(CH3)(C2Hb)2 I- ^ 


R' 



0 

CHaCHzCOCHj 

CHO 


NaOH 


R 



0 


atomc niT '1 't ^^^y^^ted, there may be two reactive carbon 
more reirfilv lu i been found that active methinyl groups are 

ene erouD ^ ^'^bve methylene groups. An active methyl- 

beaiSe readily alkylated than one 

principles ^ ^ groups. The following examples illustrate these 

« ^Wiufand'staS'j 

et a\., J. Am. Chcm Soc ■7a aoo^/ ' (1950); see, however. Woodward 

Wnds and Werth J ^ 

” Crowley and T?nW ° (1952). 

^ and Robmson. J. Chem. Soc., 1938, 2001. 
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In another usrful version, the methiodide '-“‘*‘^-^,^”^”0 
(XXXID which may be considered as a Manmch base formed from two 

moles of formaldehyde and one mole each "'/f 

is used as arc alkylating agent." Only one 0 the »“*on-n roBen bonds 
breaks, and a 3-keto-5-dimethylaminoamyl group is thus introduced 
into the compound alkylated. 


0 



+ CH3COCH2CO2C2H5 


CH3COCHCO2C2H6 

CH2CH2C0CH2CH2N(CH3)2 


N+I- 


/ \ 

CH3 CH3 

XXXII 

The primary products may be capable trinlv activated 

Al^lation of Esters. Only esters containing doubly o tr ply a^^ 

car^ atoms have been alkylated by amine de- 

Alkylations of a-nitro esters and ^-keto esters have already 

^tlyl malonate has been — 

^:'s:“a" 79%, b/ 

taining, in addition to the benzyl group, J an excess of 

methylene groupa Eibutyl ether ^remlde temperatures 

diethyl malonate has been used as a diethjd sodio- 

and pressures.’ Highest yields were dibutyl 

malonate with benzyltrimethylaminonium , . :jg heated in the ab- 

ether („%) or ,v^ -“f been alkyl- 

sr:'rrn^:ii:d£ o?^ 

thalene ^ (IV, R = CH3) and (+, )^ - methiodide of 

amine, = using Diethyl Carbitol as a solv • ^ployed as an alkyl- 

(+)-N,N-dimethyl-a-phenylethylamme^Y 

ating agent, the alkylation (probably formed by de- 
amount of N,N-diraethyl-a-phenylet J (P j mixture and 

methylation of the salt) was recovered from 

found to be only slightly optically ^mne have been benzjdatcd 

yiethyl cyanoacetate and tne^be ^ ■ reaction is a 

^vith benzyldimethylamine ” The initial stop m 
^ Cnrdwt'U and McQuillin, J. Chem. Soc., (1917). 

’MYittip, Heintzplpr, and WetterlinR, * 'vosS (lO^^)* 

« Snyder. EUol. and Carnahan. -Am. CArm, 5oc.. 72. ... 
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ethyl or phenyl groups, or phenols possessing wc/a bridges.-’ Fur- 
ther examples of this type of alkylation are listed in Tab e 



XXXIa 


An interesting modification of this reaction consists in the use o 
di-Mannich base of acetone; the simple alkylation product un ergoe^ 
amine elimination to form a compound that can be cyclized to a lenon 
capable of rearranging to a phenol Whether an ortho- ov vie a ^ 
bridged phenol is obtained depends on the size of the alicyclic ring- 




“ Ghosh and Kobinson, J. Ckem. Soc., 1944, 506. 
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ethyP® or phenyP® groups, or phenols possessing 

ther examples of this type of alkylation are listed in Tab e 



An interesting modification of this reaction consists in the use o 
di-Mannich base of acetone; the simple alkylation product un ergoe^ 
amine elimination to form a compound that can be cyclized to a lenon^ 
capable of rearranging to a phenol.^®- Whether an orf/io- oi 
bridged phenol is obtained depends on the size of the alicychc ring- 




® Ghosh and Robinson, J. Chem. Soc., 1944 , 506. 
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In another useful version, the methiodide of l-niethyl-4-pipendone 
(XXXII), which may be considered as a Mannich base formed from two 
moles of formaldehyde and one mole each of acetone and “ethylamme 

is used as an alkylating agent.” Only one of the ^ 

breaks, and a 3-keto-5-dimethylaminoamyl group is thus introduced 

into the compound alkylated. 


0 



CH3COCHCO2C2H5 


+ CH3COCH2CO2C2H5 


CH2CH2C0CH2CH2N(CH3)2 


N+I- 

/ \ 

CH3 CH3 

XXXII 

The primary products may be capable of cyclization. . , 

Alkybtion of Esters. Only esters containing doub y J y 

carbon atoms have been alkylated by amine 

Alkylations of a-nitro esters and (S-keto esters have already been 

Diethyl malonate has been monomethylated 

,1 , ■ satVtr^v;rlA 33 Diethyl sodiomalonate has oeen oei 

methylammonmm ethomde J ,„aternary salts eon- 

zylated, m yields as high as 79 /o, oy ohenyl, or penta- 

taining, in addition to the benzyl group, m ^ | excess of 

methytne groups. Dibutyl f >“tntr“lus temp“Zr^^ 
diethyl malonate has been used as a s diethyl sodio- 

and pressures.’ Highest yields were obtained to 

malonate with benzyltrimethylammonium ro heated in the ab- 

ether (77%) or with be^met^^^^ 

thalene (IV, R = CH3) and (+, ) ^ > methiodide of 

ainine,2 using Diethyl Carbitol as a s ■ j^yed as an alkyl- 

(+)-N,N-dimethyl-a-phenylethylam^ ^ 

atmg agent, the alkylation , , j (probably formed by de- 

amount of N,N-dimethyl-a-phenyIethylamin IP 

methylation of the salt) was recovered from the 

found to be only slightly oPf'^^^betoymethane have been b 

Methyl cyanoacetate and tric^ h y^^ reaction is a 

With benzyldimethylamine. The 

^ Cardwell and McQuillin, J. Chem. Soc., (1947). 

Wittig, Heintzeler, and Wetterling, nn^ » (1950). 

Snyder, Eliel, and Carnahan, J- 
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With 1-methylgramine (XXI), excess diethyl acetamidomalonate (XLI), 
rfsodtam a total yield of only 12.5% of alkylation products rs ob- 

‘tSlthylaminomethylpyrrole reaoto with W^X^'to 
nate (XLI) in toluene or xylene in the presence of sodmin hydrox.de to 
give a 70-80% yield of a product having the structure L. 



CHzNCCaHslz 

COjC^Hb 


c 


'N: 


CH2 


0^ 


— CC02C2HE 
NHCOCH3 


T^. ,, , 1 + Tonfte; slowly with Mannich bases of acetone ^ 

Diethyl malonate reacts slo ^ ethanol containing 

(XXIV) and cyclohexanone ^,rmal simple alkylation 

small amounts of .a, resnectively. A rather low yield 

products in yields of 43% and 8 %, obtained by re- 

(16%) of ethyl 2-carbethoxy-5-ketotoo^e^(L^^^ l.niorpholino- 

action of diethyl sodiomalonate w , t jjg in xylene, as used in 
3-butanone (LII) - Powdered sod urn hydr^ide in 

fr;rdS"t: S base »( 2-phenylcyolohsxanone 

(50% yield). / — \ 

CH3C0CH2CH2CH(C02C2H6)2 CHaCOCHzCHsN^^^ 0 


LII 


Reactions of Uetonic Mannich base, with 
malonic ester or tricarbethoxyme ane derivative of acet- 

ever, the following intr»n.olecular » 

amidomalonio ester has led to a cyclopropane denvafve. 


CH2 CO2C2H5 

OH- NHCOCH, "" CH 2 -^C^NHC 0 CH 3 


(CH3)3NCH2CH2C(C02C2H6)2 


( 33 %) 


Methyl and ethyl •S’’.rnoS^^^ 

bases of 1-nitropropane, but tne y 


“Mannich and Fourneau, Ber., VI, 2090 (1938). 

Mannich and Koch, Ber., 75, 803 (1942). 233 (1939) [O'. A., 33, 5855 

“ Harradence and Lions, J. Proc. Boy. Soc. JV. .5. 

, a Soc. 72, 3388 (1950). 

““ Bachmann and Wick, J. Am. ■ ' 4259 (1951). 

Rinderknecht and Niemann, J. Am. C 
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by 3 -diethylaininomethyl- 5 -methylindole (XLVII) in 87% yield by this 

method.” . , 

Yields of 90-94% were reported in alkylations by pyrrole Manmcn 
bases of ethyl acetamidocyanoacetate (XLV) and diethyl acetami o- 
malonate (XLI), but a low yield was obtained with diethyl phthahmi o- 
malonate (XLII) Reaction of two moles of diethyl acetamidomalonate 
(XLI) with 2,5-bis(dimethylaminomethyl)pyrrole (XLVIH) occurs 
quantitatively by this method."*^ 


,nh;c17J' 


CHjNfCHals 


+ 2CH3C0NHCH(C02C2Hb)2 


(HbCiOsOsCHzcI.^ JcH2C(C02C2H6)2 

1 N 1 

CHaCONH H NHCOCHa 


2-Acetamido-5-dimethylaminomethylthiazole (XXXVII, R = H) and 
the 4-methyl homolog (XXXVII, R = CH 3 ) have been used in alkyl- 
ations of diethyl acetamidomalonate (XLI) in the presence of dimethyl 
sulfate.*' Of interest in this case is the use of the Mannich base hydro- 
chloride, together with a molar excess of sodium ethoxide (to neutralize 
the hydrogen chloride). 

Method C gives good yields in alkylations of aminomalonic ester 
derivatives with indole Mannich bases. Diethyl skatylacetamidomal- 
onate (XLI V) is obtained in 90% yield when gramine (Vila) and diethyl 
acetamidomalonate (XLI) arc heated in xylene with powdered sodium 
hydroxide.*' Lower yields arc obtained in pyridine, in the absence of a 
solvent, or in the absence of a catalyst. Good to moderate yields are 
obtained when gramine (Vila) is replaced by 3 -diethjdaminomethyl- 
indolc (VH, R = CjHs) (85% yield) or 3 -piperidinomethylindole 
(Ot*;).). Diethyl phthalimidomalonate (XLII) is alkylated to only a 
slight extent (10%) under the best of these conditions, but diethyl 
formamidomalonate gives the alkylation product in excellent yield 
(9S /c). Satisfactory' yields of alkylation products have been obtained 
by thi- method in alkylations of diethyl acetamidomalonate (XLI) and 
ethyl acetamidocyanoacetate (XLV) with 5-bromogramine,” 6-methyl- 
grfirnine. ' and O-dicthylaminomethyl-2-carbcthoxyindole (XLIX).“ 
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With 1-methylgramine (XXI), excess diethyl acetamidomalonate (XLI), 
and sodium, a total yield of only 12.5% of alkylation products is ob- 
tained. 

2-Dimethylaminomethylpyrrole reacts ivith diethyl acetamidomalo- 
nate (XLI) in toluene or xylene in the presence of sodium hydroxide to 
give a 70-80% yield of a product having the structure L.''^ 



N' 

H 

XLIX 


JCO^C^H, 




o 




-CHg 

-CCO2C2HE 

NHCOCHo 


Diethyl malonate reacts slowly with Mannich bases of acetone 
(XXIV) and cyclohexanone at room temperature in ethanol containing 
small amounts of sodium ethoxide to form the normal simple alkylation 
products in yields of 43% and 86%, respectively. A rather low yield 
(16%) of ethyl 2-carbethoxy-5-ketohexanoate (LI) was obtained by re- 
action of diethyl sodiomalonate with the methiodide of 1-morpholino- 
3-butanone (LII).®® Powdered sodium hydroxide in xylene, as used in 
gramine alkylations (method C, p. 100), served as catalyst in an alkyla- 
tion of diethyl malonate with a Mannich base of 2-phenylcyclohexanone 
(50% yield).'8a 


CH3C0CH2CH2CH(C02C2H6)2 


CH 3 COCH 2 CH 2 N 


v_y 


n 


LII 


Reactions of ketonic Mannich bases with derivatives of amino- 
malonic ester or tricarbethoxymethane have not been reported. How- 
ever, the following intramolecular reaction with a derivative of acet- 
amidomalonic ester has led to a cyclopropane derivative.®** 


(CH 3 ) 3 NCH 2 CH 2 C(C 02 C 2 H 6)2 CH, CO 2 C 2 H 5 

I \ / ( 33 %) 

OH- NHCOCH 3 CH 2 C— NHCOCH 3 

Methyl and ethyl cyanoacetate have been alkylated with the Mannich 
bases of l-nitropropane, but the yields are not high (16-23%).-*“ 

Mannich and Fourneau, Ber., 71, 2090 (1938). 

Mannich and Koch, Ber,, 76, 803 (1942), 

^ Harradence and Lions, J, Proc. Roy, Soc. N, S, Wales, 72, 233 (1939) \C. A,, 33, 5855 
(1939)], 

Bachmann and Wick, J. Am, Chem. Soc., 72, 3388 (1950), 

Rinderknecht and Niemann, J. Am. Chem. Soc., 73, 4259 (1951). 
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An Alkylation of Indole 
Indole reacts with diethyl 

give diethyl skatylformamidomalonate Jt in^xylene 

tryptophan in one step.- The alkylabon proceeds best m xy 



^NCH2C(C02CoH6)2 

NHCHO 



J 


.CHiCCCOjCjHE)! 
1 

NHCHO 



solution with a sodium hydroxide catalyst (76%); lowm yie ® 
obtained in other aromatic hydrocarbon solvents. In the absence o 
basic catalyst, 3-piperidinomethylindole (VII, R2 = ^ 

is the principal or exclusive product. Other alkylations ivith a 
bases of formamidomalonic ester have been reported.^^“'*’ In 0 e 
also been alkylated with diethylaminoacetonitrile.^®' 


Amine Replacement Reactions of Qimtemary Salts with 
Organometallic Compounds 

Only a few reactions of Grignard and organolithium reagents ■'vith 
quaternary ammonium salts resulting in displacement of the ammonium 
nitrogen by the alkyl group of the organometallic reagent are on recor • 
The reaction apparently has not been studied extensively. 9-Fluory 
lithium reacts with tetramethylammonium chloride to yield 9-inet y 
fluorene in unspecified yield.^"® Phenyllithium reacts in a differen 
fashion.®” From the reaction of phenyllithium ivith benzyltrimethy 
ammonium bromide, no diphenylmethane was isolated; the latter was 
apparently metallated as formed and further alkylated by the quater 
nary salt to 1,1,2-triphenylethane. a-Phenylethyldimethylamine was 

“Butenandt. HeUmann, and Benz. Z. physiol. Chem., 284, 175 (1949); C. Y. Meyers, 
doctoral thesis, University of Illinois. Urbana, 111., 1951. 

HeUmann and Brendle, Z. physiol. Chem., 287, 235 (1951). 

HeUmann and Renz, Chem. Ber., 84, 901 (1951). 

N. J. Murphy, bachelor’s thesis. University of Notre Dame, Notre Dame, Ind., I 
'“Wittig and co-workers. Ann., 555, 133 (1944); 567, 193 (1947). For a review see. 
Wittig, Anyew. Chem., 63, 15 (1951). 
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also obtained.®’ The methiodide of 1-methylgramine (XXI) reacts 
with methylmagnesium iodide and with phenylmagnesium bromide in 
refluxing dibutyl ether to yield l-methyl-3-ethylindole (LIII) and 

CcHsLi + CeHsCHzNlCHsh Br" LiBr + NfCHs)^ + CsHsCH^CeHs 
CgHbCHsCsHs + CeHsLi CeHe + CeHsCHLiCeHs 

CsHeCHLiCeHs + C6H6CH2N(CH3)3 Br" 

LiBr + N(CH3)3 + C 6 H 6 CH 2 CH(C 6 H 6)2 

l-methyl-3-benzylindole (LIV).®” The methiodide of gramine (Vila) 
similarly yields 3-ethylindole (LV), 3-benzylindole (LVI), and 3-phen- 
ethylindole (LVII), although in poor yield ; a by-product with the compo- 
sition and properties of sym-S.S-diindolylethane (LVIII) is presumably 
formed by a coupling reaction (equation on p. 133). 3-Benzylindole was 
obtained in only 3% yield when the tertiary amine gramine was treated 
with phenylmagnesium bromide. Attempts to extend the reaction with 
organometallic reagents to a number of other Mannich bases and 
quaternary salts were unsuccessful.®^ N,N'-Benzaldipiperidine (LIX, 



Ri 


LIU Ri = CHs. R2 == C2H5 
LIV Ri = CHj. R2 = C6HaCH2 
LV Ri = H, R2 = CaHs 
LVI Ri = H. R2 = CsHsCHa 
LVII Ri = H, R2 = C 6 HSCH 2 CH 2 



H H 


LVIII 


R = H) and N,N'-benzaldi- 7 -pipecoline (LIX, R = CH 3 ) react with 
benzylmagnesium chloride to give l-piperidino-l, 2 -diphenyIethane 
(LX, R = H) and l-( 7 'pipecolino)-l, 2 -diphenylethane (LX, R = CH 3 ) 
in 18 and 14% yield, respectively.®’ 


Wittig, Mangold, and Felletschin, Ann.^ 560, 116 (1948). 

Snyder, EUel, and Carnahan, J. Am. Chem. Soc., 73, 970 (1951). 
Goodson and Christopher, Am. Ohem, Soc.t 72, 358 (1950). 
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/O" 

C 6 H 5 CH + C6H6CH.MgCl ^ 



LIX 


CtHsCH"^ + R<^NMgCl 


\ 

CHjCeHs 

LX 


MECHANISM OF THE REACTION 

The path by which alkylations with tertiary amines and quaternary 
ammonium salts proceed has not yet been definitely established, an 
any statements concerning the mechanism of the reaction are therefore 
speculative. 

Alkylations with Tertiary Amines 

The mechanism that has most frequently been proposed for alkylations 
with tertiary amines involves the elimination of a secondary amine, 
resulting in the formation of an unsaturated compound which undergoes 
addition of the species to be alkylated. 

ACH 2 CH 2 NRJ NHR 2 + ACH=CH2 

ACH=CH2 + CHRR'R" ACH2CH2CRR'R" 

A scheme of this type was first proposed for alkylations with phenolic 
Mannich bases by von Auwers.'*-'® The hypothetical intermediate is 
a methylenequinone whose formation involves 1,4- or 1,6-elimination. 


OH 

jj^^^CH2NR2 


0 


HNR 2 + 



|f=CH2 CHRR'R" 


OH 

"SCHzCRR'R" 



“ V. Auwers, Ber., 36, 1878 (1903). 

“ V. Auwers, Ann., 344, 131 (1906). 

“ V. Auwers and BuUmann, Ber., 69, 2719 (1926). 

Snyder and Brewster, J. Am. Chem. Sac., 70, 4230 (1948). 
“ DalgUesh, J. Am. Chem. Soe., 71, 1697 (1949). 
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HNRs + 


CH 2 NR 2 



CHRR'R" 



CH2CRR'R" 


CH2 


A simitar scheme has been proposed • for alkylations with gramins 

(VIIo). 


■CHsNCCHa)! 



VIIo 

HN(CH3)2 + 



=CH2 hcn 



N 


N 

H 


CHsCN 


kra +V.O firqt step in alkylations with ketonic 
1,2-Elimination may be the hrst step jf 

Mannich bases.^'' 


k,^CH2N(CH3)2 
HN(CH3)2 + 



=0 CH3C0CH2C02C2H5 


=CH2 


Base 



=0 

ICH2CHCO2C2H5 

C0CH3 

For the ketonic Mannich bases, the 

is supported by the facts that t ei, es, 70, 71 and that a,/ 3 - 

eompon„ds (Michae. 

reaction). , Tvaciu he either an acid- 

The elimination of the secon catalyzed Ez (mechanism B) 

“rets ®inn"e elimination reactions of 

M.nm*h .ad Htalg. B™*- 72. 284 (1989) [C. A. SS, 6825 
a Harradence and Lions, J. Proc. tioy. 

o/ O^onlo CW... 2nd ed., p. 4.4, doUn Wdev 

& Sons, 1949. 
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ACHsCHjNRs + H+ -> ACH2CH;NR2H+ 

NHR 2 + ACH;CH:+ -» ACH==CII: + H+ 


(B) 


ACH2CH2NR2 + B: ACHCH2NR2 + BH+ 


ACHCH2NR2 
NRj- + BI-I+ 


ACH=CH 2 + NR:- 
NHR2 + B; 


bases, both acid catalysis and base catalysis have observed 
It is also possible that reaction occurs between two molecules ol t 
Mannich base, one acting as an acid and the other as a base. ' 
another possibility with ketonic and or</io-substituted phenolic Mannic 
bases is an inframolecular elimination involving a chelate intermediate. 



Only the enolic form of a ketonic Mannich base is capable of chelation. 


CH 

/ \ 

B.C CH 2 , 

I I R— C=CH— CH 2 + R— C— Cri=CH 2 + NHR 2 

0 NR 2 1 11 

\ / 0 - 0 
H 

An attempt to obtain spectral evidence for the existence of this type of 
intermediate has, however, failed.’^ 

The Michael addition of an active methylene compound to an acti- 
vated unsaturated species is known to be base catalyzed. The over-all 
alkylation reaction would therefore be e.xpected to be either base or 
acid-base catalyzed, and this is actually found to be so. Since one of the 
reactants is itself quite basic, the addition of an extrinsic basic catalyst 
is sometimes unnecessary or even undesirable.”' In the alkylation 
of dibenzoylmethane by l-raorpholinomethyl-2-naphthol (XXVII), the 
reaction is known to be catalyzed by added hydrochloric acid.^^ 

The facts that benzyldimethylamine and 1-methylgramine (XXI) 
will alkylate methyl cyanoacetate and tricarbethoxymethane and that 
1-methylgramine will alkylate diethyl acetamidomalonate (XLI),^’'^^ 
although these amines are structurally incapable of reacting by an 

” Bruylants, Bull. soc. chim. Belg., 32, 256 (1923). 

Brewster, unpublished observations. 
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eU„.i„»«on-addi«on mechanism 

and 1 -methylindole/’ and these reacti be ex- 

niethylaminomethyl-2-nitropropan 

plained as alkylations with ^^Ld by a path resem- 

in the presence of acids S it should be noted that one 

bling that of mechanism A above fp. )■ Ion and that the 

of the intermediates in this unsaturated compound is not 

loss of a proton from this oould be the alkylating agent, 

essential, since the carbonium ion itselt 



J 

N 

CHs 


■|CH2N(CH3)2 JJ + 



■,CH2+ a.ni 



CHa 


v^ns 

f„ia+pH in this mechanism to 
One -vould expect the carbonium .on postulated 

be stabilized by resonance. 


CX?"' 

GH 3 


-t- 





other types of M.m.ich bmses may 

Another possible hvdrochloride of 2 -dimethylaminomethj 

gramine hydrochloride, t e j^^iannich base of diethyl formamido- 

2-nitropropane (p- 139) an elimination-addition, is 

nialonate(p.l24) none ofnh^ by re- 

complete reversal ot tne 

^ « »7n 49*^5 


JIUUICL^ XV./ ,.«/ox 

n , rhc„i. Soc., 70, 4233 (1948). 
Snyder and Eliel, J- Am. . 257, 18 (1919). 

re Mannich and K;ther 30 S 9 . 

rr Kermack and Muir, J. Chem. 
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with quaternary bases may proceed, the 

r=ja;rss'-~=" 

undergo bimolecular substitution reactions readily. „ „ , 78 

plete inversion,^ but in caruuu » j ^+„,.+;na- material were race- 

iodide, VI, both the product and recovered is of the 

mized.^ Thus, although the reac i ^ regard to the mechanism 

5^,2 type, no conclusions can be arrived due to ab- 

of the carbon alkylation since racemiza catalyst with con- 

straction of a proton from the ^ type represented 

comitant loss of -y-metry^^^^^ j,. 

by LXI and known as alkylides 


CeHsCHNCCHali- 

1 

CHs 


+ b1 -> C6H5CN(CH3)3+ + b;h 


CHa 

LXI 


sws; - a similar ion is Pro^aW -pongis for " 

of optically active nicotine dimethiodide fLAir; 



100°.h.79 


CH 3 CH 3 21 

CH3 

LXII 

T,+<! have been observed in alkylations of sodium 
Allylic rearrangements ha^ ^„+v,vltrramine (IX) ® (p- 107) and 

cyanide with the methio 1 e o interest that the 

furfuryltrimethylammoniumio jg^tter reaction is much 

ratio of rearranged ^^g^ide with furfuryl chlo- 

smaller than in al jd t rearrangements 

ride.^o.^^ ^^^’^^^rlrbonium-ion intermediates, it is now recognized 
were indicative of ca reactions that are subject to second-order 

that they may occur even in reaction 


Spath and Bobenberger, Ber., . _ 62, 1284 (1930). 

Kunde, Scott, and Johnson, X 

Reichstem, Ber., 63, 74y (. 
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kinetics.®^ Therefore the occurrence of such rearrangements in alkyl- 
ations with quaternary ammonium salts is not necessarily indicative o 
an Sjvl (carbonium ion) mechanism. 

Further experimentation is needed for definite elucidation of 
exact mechanism by which these reactions proceed. 


RELATED REACTIONS 

It seems desirable, for the sake of completeness, to describe briefly the 
more important reactions of carbon, nitrogen, oxygen, sulfur, an 
halogen alkylation by amine replacement, which for various reasons 
have not been considered in detail in the preeeding sections and are 
omitted from the tables. The following r4sum6 does not pretend to be 
complete, and only leading references are listed. 

Carbon-Carbon Alkylations 

The carbon-carbon alkylation reactions of labile amino compounds 
that were not reviewed in detail fall into the following five categories: 
(a) those in which intermolecular “self-alkylation” occurs; {b) those in 
which intramolecular “self-alkylation” or rearrangement occurs; (c) 
those in which the carbon-nitrogen bond broken is one of the bonds of a 
heteroaromatic system; (d) those in which the carbon-nitrogen bond 
broken is found in a diaminomethane; (e) those in which the new 
carbon-carbon bond formed is part of an ethylenic double bond. 
Examples of each of the more important types of these reactions are 
given below. 

Intermolecular Self- Alkylations. Self-AlkyUtion of Phenolic and 
Indole Mannich Bases. Auwers and his co-workers found that 

0 - and p-hydroxybenzylamines (many of which cannot be made by the 
Mannich reaction) readily form diarylmethanes by the loss of formal- 
dehyde and two moles of amine in weakly alkaline solution, according 
to the equation on p. 109. This reaction is prominent in attempts to use 
phenolic Mannich bases as alkylating agents.'”''® A similar reaction 
occurs when 1-methylgramine (XXI) is used in alkylations of malonic 
ester derivatives or when the hydrochloride or methiodide of 1 -methyl- 
gramme is heated in dilute aqueous alkali.''' The Mannich bases ob- 

“Kepner. Winstein, and Young. J. Am. Chem. Soc., 71, 115 (1949). 

V. Auwers and Senter, Ber., 29, 1120 (1896). 
ss'"' co-workers. Ber., 28. 2910 (1895); 29, 1110 (1896). 

V. uwers and co-workers, Ann., 344, 141, 171, 194, 227, 257 (1906). 
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tained by condensing indoles, benzaldehyde, and aromatic amines un- 
dergo similar reactions when heated with dilute hydrochloric acid.®^'®^'*® 
Self-A Ikylation of 9-Fluoryltrimethylammonium Hydroxide. Trimethyl- 
fiuorylammonium hydroxide forms, among other products, dibiphenyl- 
eneethylene when heated.*® The hydrogen atom at the 9 position of the 
fluorene residue is activated by two aromatic residues and a quaternary 
ammonium grouping; this hydrogen atom is probably replaced in an 
alkylation process. The primary product formed by such a reaction is a 
quaternary ammonium hydroxide, which would be expected to undergo 
a particularly easy amine elimination. (See ref. 91a for a similar re- 
action.) 



Coupling of Quaternary Ammonium Salts. When quaternary salts 
of gramine (Vila) or benzhydryldimethylamine are treated with 
organometallic reagents, one of the reactions that occurs is coupling of 
the reactive alkyl residues of the amines. 


2RN(CH3)3 X- + 2R'M -> B— R + B'— R' + 2N(CH3)3 + 2MX 

R = benihydryi or skatyl 


This reaction resembles the coupling of benzyl halides by Grignard 
reagents. 


“ Pas^erini and Bonciani. 5 ® g' 33 ^® ^ • 

S' Passerini and Albani. Gaz^. chim. Ual., 65. 933 (1935). 

Neri, Gazz. chim. Hal., 64, 420 (1934). 

- Ingoid and Jessop. /. Chem. Sac. 1929. 2357; 1930, 713. 
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Reductive Coupling of Ethanolamines. This rather specific reaction was 
discovered by Wittig and co-workers.®‘ 

2(C6H6)2C0HCH2N(CH3)2 + 6K 

(C6H6)2CHCH2CH2CH(C6H6)2 + 2 K 2 O + 2KN(CH3)2 

Intramolecular Self-AUrylations. The Stevens Rearrangement.^-^^'^^'' 

C6H6COCH2N(CH3)2CH2C6Hb + KOH -> 

I- N(CH3)2 

CeHsCOCHCHiCeHB + KI + H2O 


The Sommelet Rearrangement.^^-^''‘‘^‘^ 



C6H6CHN(CH3)3 X- CeHsCHj 

- + HX 

The Hofmann-Martius Rearrangement.^^’ 

CH3 


CH 3 — N— CH 3 I- CHaNCHs-HI CHsNCHa-HI 

nCHs 

CH3 



Some quaternarj^ salts of phenolic Mannich bases, in which the amino 
gioup is present in an aniline derivative, rearrange readily in alkaline 
solution to form substituted benzylanilines.®®' 96, 97 

Stevens and co-workers, J. Chem. Soc., 1928, 3193: 1930, 2107, 2119; 1932, 65, 1926, 
1932; 1934, 279. 

A,r Houston, and Kenyon, J. Chem. Soc., 1947, 93. Bock, Smith, and Auten, 

u tl*® American Chemical Society, 1949, AbsfrocJs, p. 70M. 

Soc 74 sng'^igs^’ 

““ Kantor and Hauser, J. Am. Chem. Soc., 73, 4122 (1951). 

Sommelet, Compt. rend., 206, 56 (1937), 

Hyder, J. Chem, Soc., 1931, 1281. 

Hey, J. C^em. iSoc., 1931, 1581. 

“ Wittig and Merble, Ber., 76, 109 (1943). 

« ® Auwers. Ann., 334, 264 (1904). 

Corle> and Blout, J. Am. Chem. Soc., 69, 761 (1947). 





136 


ORGANIC REACTIONS 


The Reissert compounds may also be alkylated by Mannich bases.*'”" 



The Reaction of Alkali Cyanides with Alkylpyridinium SaUs.^°-'^°^ 



The Reaction of Nitro Compounds with Alkylpyridinium Salts.^’'* 



+ RCH2NO2 + 2 KOH 



Kaufmitif w"ura 918 ) ^ 7 " 

3671 (1952). ■ '■**'*'*^' and Foster, Am. Cftem. Soc.. 74, 2110, 

Lsonard and LGubnpr T /^x. r» ^ 

Burk, J. Org. Chem., 15 979 (19501. T^”"' (1949); Leonard, Leubner, and 

73,3325 (1951). ’ ^ 9). Leonard, DeWalt, and Leubner, J. Am. CAem. Soc., 
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Nitrogen Alkylations 

Amin e Exchange Reactions of Quaternary Salts. 'When many 
quaternary ammonium salts, particularly those containing benzy , 
allyl, or methyl groups, are heated with ammonia or with primary^ or 
secondary amines, an exchange of amino groups takes place.’'’''^'^'^'* 


+ HNR". -> R'NR"c + NRs + H+ 


Amine Exchange Reactions of Mannich Bases. Simple amine ex- 
change reactions have been observed with Mannich bases of mtro- 
alkanes,^'”' indole ■*' (VII), phenols,’^" and ketones, as well as with 
the benzaldehj'de Mannich bases of |3-naphthol (LXIII). 


R 

I 

R'— N— R 

I 

R 


C6 HbCHN(CH 3)2 CcHbCHNCbHio 


0 


-f CbH,„NH [ I 

ri“ 






LXIII 


-f NH(CH3)2 


Quaternary salts of some Mannich bases (e.g., those of indole, VII, njid 
those of acetophenone, XXV) react readily by amine exchange with 
tertiary amines (including Mannich bases) to give new quaternary salts. 
This reaction may be important as a side reaction in the quaternization 
of Mannich bases by means of such reagents as methyl iodide,®*" fo^ 
example, in the quaternization of gramine. 



J 


|CH2N(CH3)2 


Vila 


-f SCHsI 



J 


iCHjNfCHsls 
I- 


CH3 



-1- N(CH3)4 


m (1891): 31, 414, 1700 (1898). 

lu (1925); Ber., 69, 1786, 2330 (1926). 

Cfcm. Soc. 70, 23 (1948). 

115 ^ Reid. Ber.. 38, 2036 (1905). 

enton, Schedl, Neier, and Brookfield, J. Am. Chem. Soc., 72, 3792 (1950). 
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Compounds that do not permit amino eltainaMon, ^dimethyl- 

aminomethyl-/ 3 -methoxynaphthalen ( . ^ 2 -dimethyl- 

aminopivaiophenonen (XV), t“hange 

aminomethyl-2-nitropropane d v, a o Lvdroaen chloride 

reaction in the absence of added acid catalyst, such as hydrogen 
or boron trifluorided^ Mannich Bases. The phenyl- 

FormationofPyrazolmesfrom Ketomc by internal 

hydrazones of ketonic Mannic ases ^Q^uived for phenyl- 

amine exchange under conditions simila 
hydrazone formation.'’ 

OetiB 

N 


CbHbNH 

I 

N 


N 


CH2 


R— C— CH2 


-f HNR2 


RCCH2CH2NR2 


RCHO 


Conversion of Mannich Bases into 

the amine exchange reactions of Mannich ^ses, j 121 The 

solution is allowed to 

intermediate quaternary salt decomposes y 
RCH2N(CH3)2 -b (CH2)6N4 4 - CH3CO2H -> 

NH(CH3). + RCH 2 N(CH 2 )eN 3 + -b CH3CO2- 

This process, which — the — 
benzyl halides into aromatic a e y 2-carbethoxyindole, 

to the Mannich bases of ^ Mannich bases of aceto- 

phenol, and ^-naphthol, but n^vlthiophene as well as 2 -nitropro- 
phenone, pyrrole, and N-methy.be„syl- 

pane. It was successful also „lfimine 

amine, but not with N,N-dimethylbenzylamin . 


Mannich and Bauroth. Ber., 87, U08 (1924) 

Nisbet and Gray, /. Chem. Soc., > 1572. 

.1. 1.™ .au Nub.. y. CT-- f-; m. 

>» Nisbet, J. Chem. Sac, 123 . 


’ ijewy ana iNibuwu, ^ i 1946. 1 * 0 . 

> Nisbet, J. Chem. Soc., 1938, 123 , ^ Wales, 73, 14 (1939) [C. A., 33, S 

Harradence and Xiions, J . Pcoc. 

(1939)]. , r Am. CTcm. Soc., 74, 5110 (1952). 

Snyder, Swaminathan, ,,gi 3 ) . Ang.val and co-workers, J. Chem. Soc., 

Sommclet, Compl. rend., 157. S5 1 
2700, 2704; 1950, 2141. 
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Oxygen Alkylations 

Formation of Alcohols from Quaternary Ammonium Hydroxides. 
Quaternary’' ammonium hydroxides, when heated strongly, may ovva 
alcohols rather than olefins, particularly when benzyl, allyl, or, in some 
cases, methyl groups are present and when no radicals, such as ethy or 
phenethyl, that lead to easy formation of olefins are present.'-’ ' 

R'NRa OH- ^ R'OH + NRs 

The formation of pseudobases from pj'ridinium hydroxides is formally 
similar to the formation of alcohols from quaternary ammonium hy 
droxides.'^®’'^® 

Formation of Ethers from Quaternary Ammonium Phenoxides.'- 
Quaternary ammonium compounds have been used in the formation o 
benzjd, methyl, ethyl, and allyl ethers of phenols. 

Some of the quaternary ethoxides of p-nitroaniline and p-formylaniline 
(p-aminobenzaldehyde) decompose to form alkoxy substituted ben- 
zenes.'” 

Epoxides are formed in the Hofmann degradation of quaternary salts 
of l-hydroxy-2-amines.'’®' 

“Hofmann, Ann., 78, 253 (1851); 79, 11 (1851); Ber., 14, 494 (1881). 

“ Ingold and Vass, J. Chem. Soc., 1928, 3125. 

“ von Braun, TeuSert, and Weissbach, Ann., 472, 121 (1929). 

“ Hanhart and Ingold, J. Chem. Soc., 1927, 997. 

“ von Braun, Ann., 382, 1 (1911). 

“ Decker, Ber., 25, 443 (1892). 

“ Hantzsch and Kalb, Ber., 32, 3109 (1899). 

1“ Hla Ban-, Quart. J. Indian Chem. Soc., 3, 101 (1926) [C. A., 20, 3695 (1926)]. 

“ Henley and Turner, J. Chem. Soc., 1931, 1172. 

“ Griess, Ber., 13, 246 (1880). 

“ Boehringer. Ger. pat. 247,180 [Brdf., 10, 1215 (1912)]. 

Rodionow, BuU. soc. chim. France, [4] 39, 305 (1926). 

“ Rodionow, BuU. soc. chim. France, [4] 45, 109 (1929). 

“Tarbell and Vaughan, J. Am. Chem. Soc., 65, 231 (1943). 

i*" Kursanow, Setldna, and Rodionow, BuU. acad. sci. U.R.S.S., Classe sci. chim., 1948, 
228 [C. A., 42, 4922 (1948)]; Kursanow and Setkina, Dofdady Akad. Nauk S.S.S.R.. 65, 
847 (1949) [C. A., 43, 6622c (1949)]; Setkina and Kursanow, Izvest. Akad. Nauk S.S.S.R; 
Otdel. Khim. Nauk, 1949, 311 [C. A., 44. 159a (1950)]; ibid., 1951, 81 [C. A., 46, 45S 
(1952)1; Setkina, Izvest. Akad. Nauk S.S.S.R., Otdel. Khim. Nauk, 1950, 216 [C. A.. 44, 
9337e (1950)]. 

“ Zaki and Fahim, J . Chem. Soc., 1942, 270; Zaki and Tadros, J. Chem. Soc., 1941, 350. 

von Braun and Schirmacher, Ber., 56, 1845 (1923). 

“ von Braun. Ber., 56, 2178 (1923). 

“’von Braun and Munch, Ber., 59, 1941 (1926); Curtin, Harris, and PoUak, J. Am. 
Chem. Soc., 73, 3453 (1951). 



CARBON ALKYLATIONS WITH AMINES 


141 


have'been prepared by heating the ^cids^with 

hydroxides containing the Benzyl esters may also be 

placed substituents on the nitrog k" n^-iT-lrlimethvlamine.*'*^ 

obtained by heating methyl esters wi e anhydride or benzoyl 
Benzyldimethylamine reacts ui resnectivelyd^® Phenolic 

chloride to give benzyl acetate an g of the corresponding 

Mannich bases similarly form acetyl denvatives 

methylolphenolsd^’'^“’'^''“^'''““ 


OH 



iCH2N(CH3)2 2(CH3C0)20 


OCOCH3 

|^^CH20C0CH3 cH3CON(CH3)2 + CH3CO2H 

Sulfur Alkylations 

Quaternary ammonium ^jalts contammg^^^^ bisulfite, sul- 

hydrosulfide, mercaptide,^' ’ ^ pomnose when heated to form alkyl 
fite.^’i^’' and p-toluenesulfinate P o^rbon-sulfur bonds. Alkyl 

derivatives of these anions con reactions are allyl,*'” benzyl,® 

groups that can take part easily m these r 

and methyl,"® in order of Bisulfite ion indicated the presence of 

The ready cleavage of thiamin group in the molecule."® 

a reactive benzyl type of quaterna . oged in the alkylation 

Among tertiary amines, gramme alkylate 

of sodium bisulfite."®" ® f Hv of sulfur alkylations has been re- 
mercaptans."®® An extensive study of 

ported.®'® nSRSV Prelog and Piantanida, Z. physiol. 

con,., r. »».. "■ ”” 

Chem., 244, 56 (1936) ; Euson, Corse, 

uia Kupferberg, J- Tiraki. Chem., I (1952). 

::XTara:* -30 (-szii. 

3S19b (194.1. 

McClcary and Roberts. . 
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Halogen Alkylations 

Decomposition of Quaternary Ammonium Halides. Quaternary 
ammonium halides decompose when heated to form alkyl halides an 
tertiary amines.i“ Mixtures of amines and halides are often obtaineu 

r B, 

1 

R'— N— R 

1 

B 

from mixed quaternary halides.*^*- Allyl/®” benzyl, and methyl 
groups are lost as hahdes more readily than are other alkyl groups or t e 
phenyl group.'^’ Quaternary ammonium halides containing an 
metric nitrogen atom racemize readily in solution at room temperature. 

The von Braun Cyanogen Bromide Reaction. Cyanogen bromi e 
reacts with a tertiary amine to form a quaternary salt, which readi y 
decomposes to form an alkyl halide and a dialkylcyanamide.^^^'^^® 


+ 

X- R'X + NRs 


R 


R 


+ 


R 


R'N + BrCN 


R'NCN 


Br- 


R'Br + NON 


R 



R 


This reaction was extensively studied by von Braun. Its principal 
uses have been the degradation of alkaloids and the cleavage of au 
alkyl group from N,N-dialkylanilines.'”’’^^ The von Braun cleavage is 
discussed in detail in Chapter 4. 
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Replacement of Amine by Hydrogen (Emde Reduction) 

[RN(CH3)3]+X- + 2(H) RH + N(CH3)3-HX 

RN(CH3)2 + H 2 RH + NH(CH3)2 

Quaternary salts may be reduced either by means of sodium amalgam 
(Emde reduction) or lithium aluminum hydri^de, 

lytically;i'«’"'> tertiary amines are subject to ca y ^ 

only 160,169-175 Many of these reductions are discusse ^ j’nm' 

PhLlio M«mich bases can also be reduced by means of sodmm 

methoxide-i’®® 

RELATED SYNTHETIC PROCESSES 

Carbon-carbon alkylation by amine replacement i" 
when a labile amino ‘‘ unsaturated 

material than is the corresponding h .wIocp the reactions that 

compound. The following section is mten e o methods that 

have been discussed in perspective re a i £Qj.jnnlly related to the 
result in the formation of similar pro uc s attempt has been 

amine replacement reactions. 'JJ°''organic chemistry in a detailed 

made to cover these aspects of synt 
or exhaustive manner. 

carbon-carbon AlkyWons by Halogen Replacemen. 

A ■ nrtant methods for the formation 
Some of the most familiar and imp halogen atom of an 

of carbon-carbon bonds involve replacement 
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Emde and KuU, Arch. Pharrn., * i* t j t? , 

Birkofer, Ber., 75. 429 (1942). ^954 ^1943); Baltdy and Russel. J, Am. 

« Baltzly and Buck, J. An,. Chen,. Sac.. 

Cftem. Soc.. 72, 3410 (1950). CAcm- Soc-. 01. "05 (1939). 

CaldweU and Thompson, J. ^ ' e„j. . 69, 23U (194<L ■ , . 

- Bachman and Le«ne, J. 70, 656 Carhn and Landed, J. An,. 
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Cornforth. Cornforth. and Rom 
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alkyl halide.'’® Some of the more important of these methods are the 
following: 

Friedel-Crafts Reaction.'” 


RX + ArH 


AlCh, etc. 
> 


RAr + HX 


Reaction with Organometallic Compounds.'’® 

RX + MR' -> RR' + MX 

Alkylation of Active Methyl and Methylene Compounds.'” 


Z Z 

RX + Na— C— R' ^ R— C— R' + NaX 
Y Y 


A particularly interesting example of this type of reaction represents a 
new route to cyclohexenones such as may be prepared by use of ketonic 

Mannich bases.” ^ 

H5C2O2C 

,C NaOC;H^ CH3CCl = CHCH2p"^"^ 


CH 3 CC 1 = CHCHoCl + H5C2O2C 


0=^ 


o=k^ 

(84%) 


CH3CC1= 


HgSO* 


|hs904 

COgR 

CHa-C GHz 

(73%) Qj£ (3=0 ( 3 H 2 

H3CC CJH— CH 2 

R=H, 25% 

K=C2Hj,48.5% 




(74%) 


Replacement by Cyanide.'®* 

RX + MCN RON + MX 

Weygand, Organic Preparalions, pp. 353-403, Interscience Publishers. New York, 
1945. 

Adams, Organic Reactiona, Vol. Ill, p, 1, John Wilev & Sons, 1946. 

See Ref. 176, pp. 355-358. 

™ See Ref. 176, pp. 359-365. 

See Ref. 176, p. 367. 
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Carbon-Carbon Alkylations by Oxygen Replacement 

Friedel-Crafts Reaction. 

ROR' + ArH R — Ar + HOR' 

This reaction is not of general applicability. 

Alkylations with Ethylene Oxide. 
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181 


Q 002 !^^ 

OIL--— CH2 + Na— C— R" 


CO2R' 

I 

NaOCH2CH2C— R" 
Z 

and/or 

CH 2 — 0 
1 I 

CH2 c=o 

\ / 
c 

z^ '^R" 


Alkylations with o-Hydroxybenzyl Alcohols 

r r\tT 


OH 



OH 

(as well ^ crosslinked polymers) 

Alkylation with Diethyl Methoxymethylmalonate.'-' - 

+ CH30CH2CH(C02C2H5)2 



J 


N 

H 


ICO 2 C 2 H 6 



— |CH2CH(C02C2H5)2 

^^C0202H6 


H 


. 184 


C^bon-Carbon 'cO=C,H. ^ ^ 

I + Ns 



J 

N 

CHs 


+ N2CHCO2C2H6 


N 
CH3 


See Ref. 176. pp. 404-414. 113 (1925). 

Fischer and Nenitzcsou, Ann.. - jgj (1926). 

- Maurer and Moser, f ( 1 ^ 99 ). 

Piccini. Gozz. chim. ttal., 
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Carbon-Carbon Alkylation by Sulfur Replacement 



CHs 


Coupling of Active Hydrogen Compounds by Condensation 
with Carbonyl Compounds 

One-Step Condensations. A. Formation of Symmetrical Products. 


R R 

1 1 

AH 4- C=0 -i- HA -» A— C— A -+• H 2 O 

R R 


This process is useful in the formation of symmetrical compounds, 
except that it cannot be used when the hydrogen in H — A and the a-hy' 
drogens in RCOR are of comparable activity. Phenols, raalonic esters, 
^-keto esters, a-cyano esters and secondary amines are among the types 
of compounds that will undergo symmetrical coupling of the type shown 
above. A familiar example is the synthesis of DDT. 



H 


+ C=0 4 - 



CCI 3 



CCI 3 


B. Formation of Unsymmetrical Products. 


\ci 4- HoO 


AH 4- C=0 4- HB A— C— B 4- H 2 O 

R 

active hydrogen compounds to be coupled are markedly 
ainerent m structure and activity, good yields of unsymmetrical products 
Cardwell, J. Chem. Soc., 1949, 715 . 
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may be obtained. The halo-alkylation ‘b® and amino-alkylation (Man- 
nich) reactions ^ (p. 103) of active hydrogen compounds are well-knomi 
examples of unsymmetrical coupling reactions. The reaction of N- 
methylolamides with aromatic compounds is a less familiar example. 

CbHbCONHz + CH 2 O CbHbCONHCHsOH 

CHjNHCOCeHB 

CsHBCONHCHaOH + L JL J 

The cyaMmethylation ot indole is one of the few “amply in 
which two different oacbanion-fotming substyces can be coupled by 
means of formaldehyde to yield unsymmetrical product 

Two-Step Condensation-Addition Reactions. T P 

reactions of this type is the “1^^" XTogen 

reaction; the second step consists m addition “[“Y' ^ytogen 
compound to a conjugated unsaturated system (Michael reaction). 
An example is the synthesis of phenylsuccimc acid. 

CeHBCHO + CHafCNlCOaH ^ 

C.H.CH-0(CN)COiH O.H.CH-C(CN)COiCiH. 

C6H6CH=C(CN)C02C2Hb + HON — > „ . , . 

C.S.CHCHC0.C1H. -2^ C.H.CHCH.C01H 

' ' decarboxylation I 


NC CN 


CO 2 H 


rpu • V.P pmoloved to advantage when the conjugated 

This process can be emploj prepared and stable enough to be 

unsaturated compound is prfncipal value when the carbonyl 

isolated and purified, is some material other than 

compound which serves as ^ P hydrogen compound can 

formaldehyde. In many sy ’ ^ compound, such as acrolein or 

be added to a conjugated u prepared in some other way. In 

acrylonitrile,'^^ which is more easily prepa , , ^ _ 

’ • Adams Oraan.-ci?earf»'«.Vol. I. P-63. John Wiley* Bono, 

188 Fuson and McKeever m A * 

1942. „„ ,ci ,13 (1908): Downes and Lions, J’. slm. CAem. 

■'’Einhorn, Ann.. 343. 207 (1905): 361, 113 (19 

Soc., 72, 3053 (1950). TT nat. 2 222.344 [C. A.. 3S, 1807 (1941)]. 

Bauer and Andersag, U. S. p • > 2236 (1949)]. 

® Sankj-o, Jap. pat. 161.544 [C. A.. 

See Ref. 176, pp. 418^38. p 210. John Wiley * Sons, 1942. 

Johnson in Adams, Organic ' chemutry. An Adranccd Treatuc, Vol. I, pp. 

Allen and Blatt in Gilman, 1944. 

672-688. John Wiley & Sons, No"' • Igl. 451 (1941). 

'« Lapworth and Baker. Org. Sirdhcsc ^ jg49. 

Bruson in Adams, Organic Rea 
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such syntheses the relationship of synthetic methods is only formal) 
though the products obtained are stnicturally similar to those fonne 
the two-step condensation-addition process mitlined above. 


CHOICE OF EXPERIMENTAL CONDITIONS 


Choice of Reactants 

Carbon-carbon alkylations of hydrogen cyanide and active methyl or 
methylene compounds by Mannich bases are part of a two-step process 
for coupling active hydrogen compounds by means of formaldch} 
with the loss of water. It is often theoretically possible to form ZCIIs ‘ 

ZH -f CH-.O -I- IIN(R); ZCHiNfll): -f H;0 


ZCH;N(R). + 117 / ZCIWZ' -f 


by alkylation of ZH with the Alannich base of HZ'. It is apparent, 
then, that it may at times be necessary to decide which active hydrogen 
compound should be converted to its Mannich base and which should 
be reseta'ed as the compound to be alkylatc<l if best yields arc to be 
obtained. 

If the formation of y-ketonit riles and aryl- or indole-acetonitriles or 
acetic acids is desired, there seems to be no alternative to the use of 
ketonic, phenolic, or indole Mannich bases. At any rate, the use of 
a-aminoacetonitriles as alkylating agents is seldom feasible.^’"'' How- 
ever, when the deshed process is the coupling of two active hydrogen 
compounds, neither of which is hydrogen cyanide, there is often a choice 
of which one to employ as a Mannich base and which as the reagent to 
be alkylated. 


The following points should be considered. 

The Alannich reaction takes place readily with compounds con- 
taining even only moderately active methyl or methylene groups. 

2. Only compounds containing highly active methylene groups are 
easily alkylated by means of Mannich bases. Compounds that contain 
only moderately active methylene groups, such as simple ketones, 
usually require the presence of strong bases such as sodium amide 
capable of converting them to enolates if they are to be alkylated by 
Mannich bases. 

3. Ouly those tertiary amines that can form conjugated unsaturated 
systems by amine elimination are suitable for use as alkylating agents 
\P* i^o). 

4..0nty those quaternary ammonium salts that can suffer amine 
e imina ion or that possess allylic systems are suitable for use as alkjd- 
ating agents (p. 104). 
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In the cases under consideration, then, it is desirable to convert to its 
Mannich base the active methyl or meth 5 dene compound popessing the 
least acidic hydrogen atoms, promded, of course, that this Mannich 
base can undergo amine elimination or possesses an allyhc system; and 
to use the appropriate active methjdene compound possessmg the most 
acidic hydrogen atom (only one such active hydrogen atom is necessary) 

as the reagent to be alkylated. _ 

Mannioh bases that can suffer amine elimination possess active 
hydrogen atoms and could, conceivably, be subject to al^lation. 
Intermolecular self-alkylatiou of the Mannieh base (p. 103) should be 
most prominent in alkylations ot compounds containmg hydrogen atoms 
whose acidity is similar to or less than that ot the active hydrogen atoms 
of the Mannich base. It is probable that tins accounts for the tacts that 
phenolic Mannich bases give only diarylmethanes m attempted base- 
Ltalysed alkylations ot active methylene compound^ ^^arge amounfe 
ot diarylmethanes in their reactions with hydrogen wamde and th,.S 
low yidds ot the desired alkylation product are usually obtamrf ..,aeu 
ow yieiQs o nuatemary salts of ketomc Manmcn 

ketones are alkylated by quarema 

In the latter case, tomylation ot the ketone prior to alkylation may 
result in an improved yield (p. 114)- 
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advantages, since their quaternary salts are often more solu lie in i 

solvents than the corresponding halides. _ at - nf 

Ease of Purification of the Mannich Bases or Their Salts. 
the simpler Mannich bases of ketones may be purified by distillation, 
high temperatures are to be avoided, because amine eliinination maj 
occur. It is advantageous to use the relatively low-boiling dime J 

amino Mannich bases. . i • i in 

Ketonic Mannich bases are best stored as their hydrochloriclej 
which form they are usually isolated. Dimethylamino, piperi mOi 
and- morpholino Mannich base hydrochlorides are particularly easi > 
crystalhzed. The dimethylamino and morpholino Mannich ase 
hydrochlorides are often appreciably more hygroscopic than the piper 


idine derivatives. .. ^ 

The piperidino and morpholino Mannich bases of phenols are genei a } 
crystalline and stable, whereas a number of the dimethylamino, diet ij 
amino and, especially, dibutylamino Mannich bases of phenols are 
thick liquids which are not always distillable. Most of the h'lannic 
bases of indole are crystalline and stable. 

Quaternary salts of Mannich bases are often too unstable to permi 
long storage. Indeed, quaternary salts of some phenolic Mannich bases 
decompose at room temperature or lower at rates that preclude then 
isolation. Wilds and Shunk’® have shown the necessity of using puie 
quaternary salts of ketonic Mannich bases in alkylations of active 
methylene compounds if good yields of pure products are to be obtained. 
Piperidino, dimethylamino, and, especially, morpholino Mannich bases 


form easily crystallizable quaternary salts. 

Inertness of the Amine Undergoing Replacement. Derivatives of 
aniline would generally be expected to be unsuitable for use in carbon- 
carbon alkylations by amine replacement because of the ease with which 


nuclear substitution in the aromatic amine could occur. 

Volatility of the Amine Undergoing Replacement. The elimination of 
amines from Mannich bases is reversible.®’'- If the secondary amine 


formed during the reaction is not removed, it could compete for the 
conjugated unsaturated compound with the substance to be alkylated. 
As quaternary salts of Mannich bases can undergo facile amine exchange 
reactions with tertiary amines,®*’- amine elimination from such salts 
is probably reversible too, and removal of the tertiary amine by volatili- 
zation would seem to be desirable also. Trimethylamine (b.p. 3.5 ), 
dimethylamine (b.p. 7.4°) and diethylamine (b.p. 55°) are readily 
distilled from the reaction mixture during the reaction when the solvent 
is, for example, ethanol. Piperidine (b.p. 106°) and morpholine (b.p- 
126 130 ) could be removed in this manner only when higher boiling 
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solvents, such as hexnnol. toluene, xykne, 

Carbitol ate used. One of the 6 

the counse of an amine teplacement reaction is obsetvatio 

evolution of a volatile amine. 

Choice of Solvents, Operating Temperatures, etc. 

The choice of solvents, maction 

apparatus to be used jeered in more detail in the 

however. Uo cpn<?itive to air oxidation in 

Mannich bases and their salts seem rpouired for some of the 

alkaline reaction media and at tempera ^ employ an inert 

reactions. Although it is not mvanably seem to be 

atmosphere, such as nitrogen, m t ^ ^ veep volatile 

generally desirable. A slow nitrogen tream a^so ser 

amines out of the reaction mixtu , completed when amine 

follow the reaction, which may be p^p^r) ceases, 

evolution (detected by odor or by moist red litmus pape ; 

Experimental Conditions for Partcular Types of Carben-Carbon 
^ Alkylations 

u rxrcnifle Use of Keionic Mannich 
Replacement of "^em^ to be generally applicabk for the 

Bases. The method o Knott see^^ hydrochlorides of dimethylamino 
formation of 7-ketonitriles ^ptones (see preparation of ^-benzoyl- 
Mannich bases of aryl me ^ pnuires no comment. It is possible 
propionitrile, LXIV, p. 155) and r q required if other types of 

Jha? modifications in this procedure may be requ 

Mannich bases are employed. 

C6HbCOCH2CH2CN 

LXIV 

P T ^nlps and Phenols. A solution of the 
Use of Mannich Bases of ” sodium cyanide in aqueous 

Mannich base and an excess (, reflux until the evolution of 

ethanol is heated under ni rog or greatly reduced (36-80 

secondary amine and ammonia „rvl-acetic acid formed may be con- 
hours) {Hood). The indole- or ^ acetamide, and, when phenohe 

taminated with the ’^^®P°°trvlmethanes or phenol-formaldehyde 
Mannich bases are used, witn Q •( ^-formaldehyde resins are gen- 
resins. The diarylmethanes a V removal is illustrated m the 

erally insoluble in sodium carbonate, t 
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preparation of 3-indolcacetic acid, p. 155, and 2-hydroxy-l-naphtludcnc 
acetic acid, p. loG. . _ . 

The conversion of Mannich bases of plicnols and indoles to nitriles oj 
reaction with hydrogen cyanide in benzene at 150“ in an aiitoeia\c las 
been described only in the patent literature.’- . 

Use of Quaternary Salts of licnzylarntncs. The use of these salts is o 
little synthetic importance in the benzene series since the eorrc.sponc ing 
benzyl chlorides arc often easily prepared by chloronicthylation.’ 
quaternarj’ salts of furfurylainincs (XTI, H = H) and especial} o* 
methylfurfurylamincs (XI1*R = CII3) may prove useful, for the amines 
are more easily prepared and handled than the corresponding halides an 
may give rise to different products (p. 107). 

The method consists in either distilling an aqueous solution of t le 
quaternary salt and alkali cyanide at atmospheric pressure to remove a 
the water or simply mixing the dry quaternary salt with drj' sodium 
cyanide and then carefully heating the residue or mixture in vacuum to a 
temperature of 150-200® so that the nitrile distils as it is formed. Over- 
heating should be avoided, since the reaction may become quite violent. 
The nitrile is usually contaminated with the tertiary amine corresponding 
to the quaternary salt. In another modification of the technique, an 
aqueous paste of the quaternary salt and the cyanide is heated to about 
200®, and the nitrile formed is swept out with superheated steam at the 
same temperature.’" 


Alkylation of Active Methyl and Methylene Compounds 

Although conditions for the alkylation of active methyl and mcthj-lcnc 
compounds by means of Mannich bases arc in general similar, rather 
vide variations in procedure have been cmploj'cd. The folloving 
generalizations can be made, however. 

An inert atmosphere is generally employed; apparently Mannich 
bases or intermediates in the alkylation reactions (such as vinjd ketones) 
are sensitive to oxygen, yielding tars or colored products as a result of 
oxidation or free-radical catalyzed polymerization. 

As previously pointed out, ionization of the compound to be alkylated 
k necessary if the reaction is to occur. This ionization may be caused 
by the basic character of the Mannich base itself (as in alk3dations of 
ethyl nitroacetate or tricarbethoxymethane ”) or by added sodium 
y roxide, sodium ethoxide (as in alkylations of derivatives of malonic 
ester or of i3-keto esters), or sodium amide (as in alkylations of ketones). 

seems est to use a base that is no stronger than necessary, if multiple 
a y ations and other condensation reactions are to be avoided. 
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Only catalytic amounts ot added base are required 
rases are employed as alkylating agents; the base "lay ba added to 
nbduie ot the Mannich base and the substance to be 
rtions under these conditions are often very slow Some^ alkylations 
□roceed just as well or even better in the absence of base. 

^ When quaternary ammonium salts are the alkylating agents, an 

equivalent amount of base is necessary since ^leL 

reaction. In practice, the sodium enolate of the f ^ th 

compound is first formed, and the quaterna^^ salt is a^ded to the 
reaction mixture. Alternatively, a quaternismg agent such ^ y 
iodide can be added to a mixture of the Manmch base and ^ 
enolate ot the active methylene compound to b* a^y ated ■ "kyM om 
ot this type have only rarely been earned out ™‘dout aolvent 
ally an excess ot the active methylene compound to be alkylated « 
solvent. It is obvious that solvents possessing ‘^"re 

acidic than those ot the substance to be f y'ated are - uilab e tm 
these reactions, since they would destroy the enolate 
alkylitions of such strongly acidic 213). Abso- 

water seems to have a deletenous a®®'* * ' jpjy’iatlons of malonic 

lute ethanol has been widely used as a ketones are generally 

esters and d-keto esters. The aadium en^ates rf 

formed by reaction with sodium ami , same solvents or 

the quaternary salt alkylating alkylation of 1-methyl- 

dissolved in an alcohol,Y ^en (p. igO), 

5-methoxy-2-tetralone (LXV) ^ condensing agent; in this 

potassium ethoxide was satisfactory as a 


CH3 



1=0 


OCH3 

LXV 


1^- j-ri nf Hie Mannich base (formed on the walls of the 

instance the methiodiae o golution of the ketone were brought 

reaction vessel) and a benz gadded in ethanolic solution. This 

together first and the ^ jeid (71%) of the alkylation product, 

technique gave an unusual y e ^g^^gtives by gramine (Vila) (in the 
In alkylations of ,. Wroxide), toluene or xylene (which 

presence of powdered so successfully. PolyfunctioUal 

dissolve both reactants; Carbitol, are good solvents for the 

high-boiling ethers, sue a ^ compounds and seem to dissolve 

sodio derivatives of active mer y 
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appreciable amoiinlH of some qualornary ammonium sails; sueli elliers 
may prove to bo useful solvents in alkylations of sotiium enoiates of 
active metliylonc compounds by moans of quaternary salts. 


EXPERIMENTAL PROCEDURES 

The formulas of certain of the substance.s described in the following 
preparations arc given herewith for purposes of reference. 






LXX 



LXXI 
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The crude product can be recrystallized from ethylene dichh ide con 
taining a small amount of ethanol to give 17.4 g. (69%) of pure o-in o e 
acetic acid, melting at 167-168°. 

A solution of 1.0 g. of 3-indoleacetamide, 1.2 g. of sodium ?’ 

and 8 ml. of water is boiled for four hours. The cooled solution (5 ) is 
treated with Norit, filtered, and made strongly acid (about pH 1.5) wit 
concentrated hydrochloric acid. The acid which precipitates is collecte 
by filtration and dried at 70°. The yield of 3-indoleacetic acid melting 
at 167-168° is 0.95 g. (95%). The over-aU yield of 3 -indoleacetic acid 
from gramine is 88%. 

2-Hydroxy-l-naphthaleneacetic Acid (XVin).'^* A solution of 4.2 g. 

(0.02 mole) of l-dimethylaminomethyl-2-liydroxyTiaplithalene (I i 

R = H) and 2.09 g. (0.04 mole) of sodium cyanide in 60 ml. of 50% etha- 
nol is heated under reflux in a nitrogen atmosphere for thirty-six hours, 
at the end of which time the evolution of dimethylamine and ammonia is 
complete. The flask is cooled to room temperature under a slow stream 
of nitrogen, and the yellow solution is poured without delay into 100 ml. 
of water. Dry Ice (100 g.) is added to the solution in small portions 
(hydrogen cyanide is evolved in this process). The white precipitate 
which forms when the solution is saturated with carbon dioxide is 
removed by filtration and washed with water. This material is crude 

di-(2-hydroxy-l-naphthyl)methane (XIX) . 

To the filtrate is added 50 g. of ice, and then slowly and with stirring) 
under a good hood, 50 ml. of concentrated hydrochloric acid, whereupon 
^istening platelets of 2-hydroxy-l-naphthaleneacetic acid separate. 
This material is collected by filtration, washed with 10% hydrochloric 
acid and then with water. There is obtained 1.90 g. (47%) of air-dried 

pro uct rnelting at 146.5°. Often the material has a steel-blue color; the 

CO or.can e removed by dissolving the acid in aqueous sodium carbonate, 
filtering, and reprecipitating with acid. 

1 P Indolyl-^nitrobutane (LXVI).'® A mixture of 10 g. (0.058 mole) 
^ (Vila), 50 ml. of redistilled 1-nitropropane, and 2.6 g. 
so lum ydroxide is heated under reflux for six to eight hours or 
50 ceases. The solution is cooled and acidified vdth 

■ T+ -1° ®^«etic acid and is then diluted ivith 200 ml. of 

■NTorit nnH fill 75-ml. portions of water, shaken with 

) ere . The solvents are distilled at room temperature under 

hood. The waatp “ used, this preparation should be run in a well-ventilated 

eonsiderablero^™,"^ --I -re, since they contain 

Dfecombe, Compt. rend., 197, 258 (19991 

-Ger. pat. 89.979 [FrdZ..’l, 98 W 
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90-91°. /VVTTT^ 19 Tn n 250-ml. flask, fitted with a 

Ethyl Skatylnitroacetate (XXIII). in a zou m , 

raised to 90-100” and held there for S'"' ‘‘"’“t, ” “ongh 

calculated amount of dimethylamine may , and the xylene is 

rvhich the exit gases pass.) The hot in 

distilled under reduced pressure. The nortions of 10% 

chloroform, and the solution is extracte^^^^^^ w 

hydrochloric acid solution and tn onlfnte the chloro- 

The ^^"'XtiLton and the ’excess ethyl 

form IS removed by d'stilla dissolved m 

nitroacetate is ^ extracted with successive portions of 5% 

chloroform, and the solution ^t ^ separates on acidification of 

sodium hydrojude solution u combined basic extracts are 

a test portion is negligible in _ • temperature of the mixture 

acidified ™th 10% hT-*™<;“reZlfwZchloroform. The chloro- 
being kept bebw 20 , and t the residual oil crystallizes 

form solution is dried and inUmncetate is 11.8 g- (90%). The 

readily. The yield of ethyl benzene-petroleum ether 

melting point of a sample recry 

is 62.0-62.8°. XVID A mixture of 15 g. 

2-(2'-Nitroethyl)cyclohexmon^^^^^^-^^^^^^ 

(0.097 mole) of 2-dimethyl ^ bath; 27 ml. of a 

9.2 g. (0.151 mole) “^"“l^xide in methanol is added in one portion 
10% solution of sodium me ^ reaction product becomes solid, 

with vigorous stirring. As methanol and stirred without 

the solution is diluted wit dimethylamine is complete. The 

further heating until the evo u ’ ^ water; the solution is cooled in 

sodium salt of the acetic acid. The red-brown oil that 

an ice-salt bath and acidi e ^ portions of ether, and the combined 
separates is taken up in y^ater and dried over sodium suhate. 

ethereal solutions are was e w g ^ 72%) is distilled at 

The ether is distilled, and tne 
160°/14 mm. for purification. 

. >1 « 4.34 21 (1923). 

™ Steinkopf, Ber., ■42, 3926 Soc., 71. 3078 (1949). 

2»«Feuer, Hass, and Warren, . ( 192 O). 

2<» Mannich and Braun, Ber., 63, « 
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2-Keto-3-carbethoxy-9-hydroxydecaliii (LXVIII).^^ A mixture of 
16 g. of 2-dimetliylaminomethylcycloliexanone2'’i (XVI) and 15 g. of 
ethyl acetoacetate is treated on the first, third, fifth, and seventh days of 
standing with a solution of 0.1 g. of sodium in 3 ml. of absolute ethanol. 
The solution turns yellow, then red. After fourteen days the reaction is 
complete. (Further addition of sodium ethoxide only lowers the yield; 
it is not advantageous to add the alkoxide in one portion.) After the 
first four or five days of standing, crystals form in the solution and 
rapidly increase in bulk. The crj'-stal mass is filtered from the green 
fluorescent liquid and washed with dilute hydrochloric acid and a little 
water. After reciystaUization from ethanol and drjdng, the fine white 
needles weigh 18 g. (73%) and melt at 146°. 

2-Keto-3-carhoxy~^'^-odalin {LXIX)?^ Six grams of the ethyl ester 
LXVIII and 1.7 g. of potassium hydroxide are dissolved in 40 ml. of 
cold water. The solution is allowed to stand four days and is then 
treated vdth sulfuric acid until acid to Congo Red; a powdery mass 
precipitates. The aromatic odor of this material is probably due to the 
presence of 2-keto-A^'®-octalin (LXX). The acid is best purified by 
dissohdng it in cold sodium carbonate solution and reprecipitating vdth 
hydrochloric acid. The material is obtained in good yield and melts at 
95° vdth liquefaction and loss of carbon dioxide. 

2-Keto-A^'^-odalin {LXX)^^ VTien the keto acid LXIX is melted, 
2-keto-A^’®-octalin boiling at 140-141°/14 mm. is formed in yields of 
about 75%. 

2--Y-Ketobutyl-2-carbomethoxy-l-keto-l,2,3,4-tetrahydrophenan- 
threne (LXXI).^® The sodium enolate of 2-carbomethoxj''-l-ketotetra- 
hydrophenanthrene (LXXII) is prepared by heating 2.07 g. of the 
keto ester with a solution of 0.19 g. of sodium in 10 ml. of dry thiophene- 
free benzene. The mixture, containing the insoluble sodium salt, is then 
cooled in an ice bath, and the methiodide from 2.5 g. of redistilled 
l-diethylamino-3-butanone (XXIV, R = C2H5) is added in 10 ml. of 
methanol. The sodium salt slowly dissolves, and, after four hours at 
room temperature, another ciy^stalline precipitate separates. The 
mixture is refluxed for one hour. The clear solution is then diluted with 
water and extracted tndce ndth benzene. After the solution has been 
washed with water, dilute acid, and water, the benzene is evaporated and 
the residue is crj^stallized from ethyl acetate to give 2.31 g. of cubic 
prisms, m.p. 141-143°. A second crop (0.18 g., m.p. 130-140°) is a 
mixture of prisms and needles which can be separated by adding petro- 
leum ether, suspending the lighter needles bj' swirling, and decanting 
“Bachmann and Wilds, J. Am. Chem. Soc., 62, 2084 (1940). 
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them with the liquid. Recrystallization of the residue affords 0.12 g. 
more of the prisms, m.p. 139-142°, making the total yield 92%. When 
further purified by distillation at 0.5 mm. and recrystallization from 
ethyl acetate, the material melts at 145-145.3 °. 

Cyclization of the Tricyclic Keto Ester LXXI to the Tetracyclic Keto Ester 
LXXIII. One gram of the keto ester (product melting above 139° is 
suitable) and a solution of 1 g. of sodium in 100 ml. of anhydrous meth- 
anol are heated at reflux for two hours under nitrogen. After the 
solution has been cooled, water is added and the mixture is extracted 
with two portions of benzene. The benzene solution is washed with 
water, evaporated, and the residue crystallized from ethyl acetate to 
yield 0.52 g. of yellow needles, m.p. 174-176°. A second crop (0.23 g., 
m.p. 160-175°) brings the total to 79%. After the second crystalliza- 
tion from ethyl acetate (Norit), the product LXXIII melts at 178.5- 
179.5°. 

The keto ester can be hydrolyzed and decarboxylated to the tetra- 
cyclic ketone LXXIV in 52% yield with aqueous methanolic potassium 
hydroxide. 

Cyclization of the Tricyclic Keto Ester LXXI to Form the Tetracyclic 
Ketone LXXIV. (a) A mixture of 500 ml. of methanol, 5 ml. of 45% 
potassium hydroxide, and 0.8 g. of the keto ester LXXI is heated under 
reflux under a nitrogen atmosphere for twenty hours. The solution is 
diluted, and the product is extracted with three portions of warm 
benzene. The extract is washed with water and dilute hydrochloric 
acid and then concentrated. The first crop of 0.40 g. of yellow plates 
melts at 182-185°, and the second crop at 176-183°. The total yield is 
90%. A sample purified for analysis by evaporative distillation at 0.5 
mm. and recrystallized from benzene forms colorless plates, m.p. 188- 
188.5°. 

(6) When 0.5 g. of the diketo ester LXXI is refluxed with 25 ml. of 
acetic acid and 5 ml. of hydrochloric acid under nitrogen, the product 
LXXIV obtained by dilution and extraction wfth benzene weighs 
0.32 g. (84%) and melts at 185-187°. 

2-Keto-10-methyl-A^’®-octalin (LXXV).^^ A mixture of 33 g. of 
2-methylcyclohexanone, 6.1 g. of powdered sodium amide, and 50 ml. of 
dry ether is stirred for four hours in a stream of dry nitrogen at room 
temperature. A solution of 43 g. of l-diethylamino-3-butanone methi- 
odide in 20 ml. of absolute ethanol is then slowly added, and after 
four hours the solution is heated under reflux for two hours. Dilute 
hydrochloric acid and ether are added, and the ethereal solution is 
separated, dried, and distilled, giving 9.3 g. (38%) of 2-keto-lO-methjd- 
A^’®-octalin, b.p. 143-145°/16 mm. 
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7-Keto-l-inethoxy-13-methyl-5,6,7,9,10,13-l'exahyclrophenanUirene 

(LXXV1).“ Fifteen griuns of methyl iodide is lidded in jiortions during 
one-hnlf hour to 15.05 g. of l-iliethyhimino-3-butnnone (XJCIV, R = 
C2H5), which is swirled gently in a 1-1. fla-sk cooled in icc. '1 he swirling 
is regulated to obtain the crystalline inothiodifie a.s an oven coating on 
the walls of the flask. When no more litiuid remains, the fliesk i.s kept 
in ice for one-half hour and then under the tap for -15 minutes. A 
solution of 20.0 g. of l-mcthjd-5-inclhoxy-2-tctndonc (I^XV) in 
100 ml. of dr}', thiophene-free benzene added, the air i.s e.xpellcsi from 
the flask by dr}’ nitrogen, and a solution of potas.<ium etho-xidc prepared 
from 6.5 g. of potassium and 100 ml. of dry ethanol is added with ice 
cooling during five minutes. Swirling is continued until all the meth- 
iodide has dissolved (about 30 minutes) and has been replaced by a 
precipitate of potas,sium iodide. After the mixture ha.s been kept in ice 
for another hour, it is boiled gently for twenty-five minutes. An exces.s 
of 2 jV sulfuric acid is then added, and the nitrogen stream is stoppcfl. 
After addition of enough water to dis.solve the potassium sulfate, the 
benzene layer is separated and the aqueous layer extracted twice with 
ether. The combined organic extracts arc wn.shed with water, dried 
with a little magnesium sulfate, and evaporated. The residue is distilled 
to yield 23.2 g. of material boiling up to ISO®/! mm. The distillate is 
warmed until fluid, and ether is added gradually until the total weight is 
40 g. Crystallization begins at once and is allowed to proceed at 0® 
overnight. The product is collected and washed with chilled ether; it 
weighs 17.0 g. and melts at 115-117®. Fractional distillation of the 
mother liquors affords an additional gram of material, making the total 
yield 71%. The process has been carried out successfully on four times 
the above scale. 

Diethyl Skatylacetamidomolonate (XLIV).*’ To a boiling mixture of 
1.2 1. of toluene (or xylene) and 17 g. of powdered sodium hydroxide 
contained in a 5-1. three-necked flask fitted with a mechanical stirrer, a 
condenser, and a nitrogen inlet tube are added 250 g. (1.43 moles) of 
gramine (Vila) and 311 g. (1.43 moles) of diethyl acetamidomalonate 
(XLI).<5 Refluxing and rapid stirring are continued for five hours 
while a rapid stream of nitrogen is passed through the reaction mixture. 
The evolution of diraethylamine, which is very rapid at the beginning, 
almost ceases at the end of the heating period. 

The reaction mixture is filtered through a preheated funnel, and the 
filtrate is held at 5® for several hours to aid crystallization. The product 
is collected by filtration and washed with cold toluene followed by 
petroleum ether. The dried product (446 g., 90%) melts at 158-159® 
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and can be converted without further purification to (+, — )-tryptophan 
by the method of Snyder and Smith.^* 

Ethyl p-(2-Pyrrolyl)-a-cyano-a-acetainidopropionate (LXXVII).^’ In 
a flask fitted with a stirrer, a condenser, and a dropping funnel are placed 
100 ml. of absolute ethanol and 1.72 g. of clean sodium. After all the 
sodium has dissolved, 12.7 g. of ethyl acetamidocyanoacetate (XLV) 
and then 9.3 g. of 2-dimethylaminomethylpyrrole are added. While 
the flask is cooled in an ice bath and the mixture is stirred, 15.8 g. of 
dimethyl sulfate is added dropwise at such a rate that the temperature 
does not exceed 35°. After the addition is complete, the mixture is 
stirred for one hour and allowed to stand at room temperature for about 
eight hours. The ethanol is evaporated under reduced pressure, and the 
residue is diluted with 200 ml. of water and chilled. Nearly white 
crystals (17 g., 90%) separate. They are purified by dissolving in 
acetone, treating with charcoal, filtering, diluting with water, and 
chilling for several hours. The white plates which form melt at 122°. 

This material can be hydrolyzed and decarboxylated in one step by 
treatment with hot sodium hydroxide. 

l-Methylskatylmalonic Acid (LXXVin)A^ To a solution of 0.23 g. 
(0.01 gram atom) of sodium in 30 ml. of absolute ethanol are added 
4.65 g. (0.02 mole) of tricarbethoxymethane and 3.3 g. (0.01 mole) of 
1-methylgramine methiodide (IX).® The mixture is refluxed for one 
and one-haH hours under a current of nitrogen; there is a vigorous 
evolution of trimethylamine. While refluxing is continued, 10 ml. of 
40% aqueous sodium hydroxide is added, followed, after ten minutes, by 
10 ml. of water. Trimethylamine evolution resumes for some time. 
After about two hours, heating is discontinued and the solution is concen- 
trated under reduced pressure, extracted twice with ether, acidified with 
concentrated hydrochloric acid, and chilled. The bro\vn crystals which 
separate are collected and dissolved in 15 ml. of a saturated solution of 
sodium carbonate and 25 ml. of water. The solution is boiled with Norit, 
filtered with suction, acidified Avith concentrated hydrochloric acid and 
chilled. The light pink crystals after thorough washing with ice Avater 
and drying Aveigh 1.55 g. (62%) and melt at 171-172° (dec.). 

A 34.5% yield can be obtained when the alkylation is carried out in 
aqueous medium. 

TuUar, U. S. pat. 2,393,723 [C. A., 40, 2465 (1946)]. 

Herz, Dittmer, and Cristol, /. Am. Ohem, Soc., 69, 1698 (1947). 

Lund and Voigt, Org. Sgnthe^es Coll. Vol. 2, 594 (1943). 
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TABULAR SURVEY OF ALKYLATION PRODUCTS 

In Tables I-X are summarized carbon-carbon alkylations with 
amines and ammonium salts reported prior to January 1, 1951. Sorne 
more recent references have been included in the text but not in the 
tables. Certain references may have been overlooked, since there is no 
sure way of locating the alkylation reactions in the literature. 

Yields are given as stated in the original literature. A dash indicates 
that no yield is reported. 

Table I is concerned with carbon-carbon alkylations with aliphatic 
and aromatic tetraalkylammonium salts other than phenolic Mannich 
bases which are listed in Table II. Table III contains alkylations with 
heterocyclic Mannich bases by the Mannich method (p. 113), Table IV 
similar alkylations by the Robinson method (p. 113), and Table V 
analogous reactions by the Albertson method (p. 118). Table VI is 
concerned with alkylations with ketonic Mannich bases; in Table AH 
are listed alkylations of alkali metal cyanides with the hydrochlorides, 
and in Table VIII various alkylations with the quaternary salts of such 
bases. Table IX contains a survey of an alkylation of indole with di- 
ethyl piperidinomethylformamidomalonate under a variety of condi- 
tions, and in Table X are listed some recently reported alkjdations with 
Mannich bases of nitro compounds. 

Within each table, the reactions are arranged in order of complexitj’’ of 
the alkylating group, and, for the same alkylating group, in order of the 
compounds alkylated, cyanides being listed first, nitro compounds next, 
then esters and ketones, and last organoraetallic compounds. 
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TABLE I 


Carbon Alktlations with Aliphatic and Aromatic Trialktlaminbs and 
Tethaalkylammonium Salts 


Yield Refer- 


Quaternary Salt 

Compound Alkylated 

Solvent 

Product 

% 

ence 

Tetramethylammonium 


None 

Acetonitrile and methylcarbyl- 



3 

cyanide 



amine 



Dimethylethylaiulimuin 

Fotaasium cyanide 

None 

Acetonitrile 


4 

iodide 

Tetramethylammomum 

Diethyl malonate 

Ethanol 

Diethylmethylmalonate 

58 

38 

etbexide 

Tetramethylammomum 

9-FluoryUilhium 

None 

9-Methyifluoren0 


38 

chloride 

Benzyl(Uinethylamlimuin 

Potassium cyanide 

None 

Benzyl cyanide 


4 

chloride 






B eniyldimethylanUiniuia 

Sodium cyanide 

Water 

Alkylation failed 



7 

chloride 

B enzyltrimetbylammo- 

2-KltropropaDe sodium salt 

i Ethylene 

Benzaldehyde 

Low 

206 

tuum iodide 


glycol 




B eniyltr imethylammo- 

Diethyl sodiomalonate 

Di-n-butyl 

1 Diethyl benzylmalonate 

77 

7 

nium bromide 


ether 




B eniyltriethylammonium 

Diethyl sodiomalonate 

Di-n-butyl 

i Diethyl benzylmalonate 

63 

7 

iodide 


ether 




B enzyldimethylaniUmum 

Diethyl sodiomalonate 

Ethanol 

Diethyl benzylmalonate 

38 

7 

chloride 






BenzyldiffletbylanHimuia 

Diethyl sodiomalonate 

None 

Diethyl benzylmalonate 

73-79 

7 

chloride 

BenzyldimethylanUmium 

Diethyl sodiomalonate 

Ethanol 

Diethyl benzylmalonate 

32-36 

7 

chloride 


(auto- 






clave) 




Benzyldiznethylanilinium 

Diethyl sodiomalonate 

Ethanol 

Diethyl benzylmalonate 

51 

7 

ethoxide 

Benzylmethylpiper- 

Diethyl sodiomalonate 

Ethanol 

Diethyl benzylmalonate 

5 

7 

idinium chloride 
Banzylmethylpiper- 

Diethyl sodiomalonate 

Ethanol 

Diethyl benzylmalonate 

20-26 

7 

idinium chloride 


(auto- 






clave) 




Benrylmethylpiper- 

Diethyl sodiomalonate 

Ethanol 

Diethyl benzylmalonate 

22-36 

7 

idinium iodide 


(auto- 






clave) 




B enzylmelhylpiper- 

Diethyl sodiomalonate 

Di-n-butyl 

Diethyl benzylmalonate 

43 

7 

idiaium iodide 


ether 




Benzyltrimethylammo- 


None 

Hydrocinnamonitrile 

— 


nium cyanoacetate 



Dibenzylacctonitrile 

Dibenzylmethylamine 

~ 

39 

Beniyldimethylamine 

Methyl cyanoacetate 

None 

Hydrocinnamonitrile 

15 





Dlbenzylacetonitrile 

19 





Dibenzylmethylamine 

23 

39 

BenryldimethylanUimum 

Ethyl sodioacetoacetate 

Ethanol 

Ethyl benzylacetoacetate 

60 

7 

chloride 






Benzyldimethylamioe 

Tricarbethoxymethaae 

None 

Hydroemnamio acid 

39 





Dibeozylacetic acid 

19 

39 

Benzyltrimethylammo- 

Pbenyllithium 

Ether 

1 , 1 ^-Triph enyle thane 

— 

61 

nium bromide 
Bemyltrimethylammo- 

Phenylmagnesium bromide 

Di-n-butyl 

Biphenyl 

25 

62 

oium iodide 


ether 





Note: Rcferencea 20&-229 are listed oo p. 197. 
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TABLE I — Continued 

Carbon Alkylations ivith Aliphatic and Aromatic Trialkylamines and 
Tetraalky'lammonium Salts 





Yield 

Refer- 

Quaternary Salt Compound Alkylated 

Solvent 

Product 

% 

ence 

Beazylpyridinium chlo- Phenylmagneaiuin bromide 

Di*n-bulyl 

Biphenyl 

4 

62 

ride 

ether 




p-Nitrobenzyltrimethyl- 2-Nitropropane sodium salt 

Ethanol 

P-02NC6H4CHiC(CHj)2N02 

63 

206 

ammonium iodide 

(-Fl-a-Phenylethylttimeth- Sodium cyanide 

None 

Styrene 

— 

2 

ylammonium iodide 

(+)-a*Phenylethyltrimctb- Diethyl aodiomalonate 

Diethyl 

(+. --)-a-Phenylethylmalomc 

18 

2 

ylammonium iodide 

Carbilol 

ester 



1-Dimethylaminomethyl- Sodium cyanide 

None 

2-Methoxy-l-iiaphthylaceto- 

44 

6 

2'methoxynaphthalene 

metbiodide 


nitrile 



1-Dimetbylarmnomethyl- Diethyl eodiomalonate 

Diethyl 

CH2Cn(C02H)2 

61 

6 

2-inethoiynaphthalene 

metbiodide 

Carbilol 









/ / \ \ Benzylmagnedum chloride 

Ether 

/ v 

19 

63 

CeHiCHl N ) ) 


N \ 


\ ' ' / 2 


C6H6CH<^ ' ' 





CHjCeHt 



/ / V \ Benzylmagnefiium chloride 

Benzene 

/ \ 

15 

63 

CeHtCHl N VH3 ) 


N }cHs 

\ ' ' / 2 


C6H5CH<^ ' ' 



Note: References 206-229 are listed on p, 197, 


CH 2 C 6 H 6 
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TABLE II 

Cabbon-Caebon Alkylations with o-Hydhoxtbenzylamines 


Substituted 

Compound 

Solvent; 


Yield 

Refer* 

o-Hydroxybeniylanune 

Alkylated 

Temperature 

Product 

% 

cnce 

2-DbjethyIaimnomcthyl- 

Phenylmagnesium 

Di-n-butyl 

_ 

0 

62 

phenol 

bromide 

ether; refiur 




2-Dimettiylaimnomethyl- 

Sodium cyanide 

90% ethylene 

2-Hydroxy-3-methoxy 

4 

15a 

6“inethoxyphenol 


glycol. 10% 

phenylacetic acid 





water; reflux 




2-DimethylaminomethyI- 

Ethyl cyunoace- 

Excess ethyl 

Resins and NiN-dimethyl- 

— 

15o 

6-methoxyphenol 

tate 

cyanoace- 

cyanoacetamide 





tate; 190“ 




2-DiiQethylaminomethyl- 

Sodium cyanide 

60% ethanol: 

2-Hydroxy-5'methylphenyl- 

— 

12 

4-methylphenol 


160“ 

Bcetic acid 



2-Diinethylaminomethyl- 

Sodium cyanide 

50% ethanol: 

2-Hydfoxy-3-bromo^methyl- 

— 

12 

4“metbyl-&*bromophenol 


150* 

phenylacetic acid 



2-Diinethylainiiiomethyl- 

Sodium cyanide 

50% ethanol: 

2-Hydroiy-3-methoxy-5^Ilyl- 

— 

12 

4-allyl-6-inethoxypbcnol 


150“ 

phenylacetic acid 



2-Dietliylainjnomcthyl-4-allyl- 

Sodium cyanide 

50% ethanol; 

2-Hydroxy-3-methoi^-5-allyl- 

— 

12 

6-methoxyphenol 


150“ 

phenylacetic acid 



l-Dimetbylaminomethyl- 

Sodium cj^nide 

60% ethanol; 

2-Hydroxy-l-naphthaleDe- 

47 

12, IS 

2-laydrQxyuaphlhalene 


reflux 

acetic acid 






Di-2-hydroxy-l-naphthyl- 

20 

15 




methane 



I-Dimethylaminomethyl- 

Hydrogen cyanide 

Benzene; 250“ 

2-Hydroxy-2-nsphthslefle- 

— 

12 

2-bydroxynaplithaleae 



acetonitrile 



l-Morpbolinomethyl-2-hy- 

Dibenzoyl- 

EthanoUc 

CH2CH(COCeH5)2 

53 

23 

droxynapbtbalene 

methane 

HCl; reflux 










l^BisCdimethylaminomethyl)- 

Sodium cyanide 

50% ethanol; 

2,6-DihydroxynapbthaleDe- 

— 

12 

2,6-dihydroxyiiaphthaIenc 


150“ 

l,5*<iiacetie acid 



S-Dimethylanunom'^tbyl- 

Sodium cyanide 

50% ethanol; 

&-HydroiyqumoUne-5'acetic 


12 

$-hydroiyqmnolme 


150“ 

acid 




Note: Eeferences 206-229 are listed on p. 197. 
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Refer- 

ence 

43 

CO 

CO 

CD 

»-H 

-d 

c- 

o 

OO 

( 

00 

CO 

O Oi 

P 

O 

o 


<N cO 


a 

O 

►5 

>< 

S 

o 

'z 

s 


o 


o 

o 

m 

a 


ca 



o 

O 


^3 

O 

ix 

O 

o 

c; 

a 

a 


^ C3 

-S 

O C3 

W o 


ia o 

2v3 


o 

H 


o 


tsi 

, ^ 

> ... 

> o 

^ c 
) -H 
>» 
X 


w 

I 




I 

"o 

a 

c3 

• 4 J 


d 

c3 

d 

C? 


r2 

*s 

c3 


CO 

"o 


ci 


d 

c3 

5 


5 

a) 

2; 

o 

3 

s 

< 

O 

5 

< 

O 


« 


g.-a c 

§5 1 
o< S 


i 

C ^ 

1 § 

■B|: 

o ^ 

s-s 

Q 6 


o 

’d 

'6 

c3 

g-S 

C3 c3 
— * C 

>, o 

.2 S 
Q 


o 

d ^ 

S 2 
^ S 

.5 o 

Q e 

c5i 


o 

’O 

£ 

c3 


i i 

^-2 

.2 E 

Q 


d ^ 

E 2 
>» ^ 
d 

.5 o 

g" 


*73 

‘E 

cS 

>, 

o 

E 

d 

o 

02 


d 

u 

a 

.2 

o 

03 


^5 


I 2 C3 

'3 .2 o 
■ S 
§.S 

§-&]& 
£ ■§ o' 
« £ £ 
O ( 


Gramine Hydrogen cyanide Benzene; none Indole-3-acetonitrile 
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t The yield was based on the acid obtained by hydrolysis of the amide. 
+ Over-all yield from indole-2-carboxypipcrididc. 
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TABLE VII 


Alkylations of Alkali Cyanides with /3-Aminoketone Hydrochlorides 


^-Aminoketone 


Yield 

Refer- 

(as hydrochloride) 

Product 

% 

ence 

0-Dimethylammopropiophenone 

^-Benzoylpropionitrile 

67 

13 

^-Dimethylamino-4-chloropropiopheiione 

^-(4-Chlorobenzoyl)propionitrile 

32 

13 

^-Dimethylamino-4-bromopropiophenone 

^-(4-Bromobenzoyl)propionitrile 

63 

13 

^-Dimethylamino-S-nitropropiophenone 

Resins 

— 

13 

^-DiraethyIamino-3-hydroxypropiophenone 

^-(3-Hydroxybenzoyl)propionitriIe 

— 

13 

^-Dimethylaniino-4-hydroxypropiophenone 

^-(4-Hydroxybenroyl)propionitriIe 

59 

13 

/S-Dimethylamino-S-methoxypropiophenone 

^-(3-Methoxybenzoyl)propiomtriIe 

73 

13 

^-Diinethylanimo-4-inethorypropiophenone 

^-(4-Methoxyben2oyl)propionitriIe 

71 

13 

^-Diinethylamino-3,4-dimethozypropio- 

^-(3,4-Dimethoiybenzoyl)propio- 

85 

13 

phenone 

nitrile 



/S>Diinethylammo-3,4,5-trLmethosypropio- 

/3-(3 ,4 ,5-Trim eth oxyben z oy 1) - 

05 

210 

pbenone 

propionitrile 



^-Dimethylamino-4-methylpropiophenone 

^-(4-Methylbenzoyl)propionitrile 

52 

13 

or-Dimethylaminomethylpropiophenone 

Resin or oil 

— 

13 

/3-DimethyIaminopivalophenone 

Isobu tyrophen on e 

68 

11 

^-Dimethylaminoethyl <t-naphthyl ketone 

^-(l-Naphthoyl)propionitrile 

43 

13 

/?-Diinethylaminoethyl ^-naphthyl ketone 

^-(2-Naphthoyl)propionitriIe 

38 

13 

2-Dimethylammomethylcycloheranone 

Resin or oil 


13 

j5-Diniethylaminoethyl 2-furyl ketone 

/J-(2-FuToyl)propionitrile 

57 

13 

^•Dimethyiaminoethyl 2-thienyl ketone 

^•(2-Thenoyl)propionitrile 

67 

13 

/5-Dimethylaminoethyl 2 -ben 2 ofuranyI 

p-(2-CoumsrilyI)propionitriIe 

21 

13 


ketone 


Note: References 205~229 are listed on p. 197. 
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l*Diflh)lamino- 2-Mclhylcyc!ohcianone — — 10-Metbyl-2-keto*A^®-octalin 

3'butAnono (NaNHj) 

I'DidhyUmioo- l,3*C)‘clohciaofd}one 0 ~ ?t l-Methyl-2,Wiketo-A*’®-octalin 

3»i<nUnono (?) il 
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CNaNHs) 

Nola: IXprcrencea 206-229 are listed on p, 197. 
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l-Diclhybmino- 

3-butanono 
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(KOCjHs) 

105-229 MoUsted on p. 197, 



188 


ORGANIC REACTIONS 




CARBON ALKYLATIONS WITH AMINES 



Note: References 206-229 are listed on p. 197. 
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iVcf<: Refen'aces C0'5-2:29 are listed oa p. 197. 
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TABLE DC 

Ax Alktiatiok of Ixdolf -svirn Diethyl 

MALOKATE 


PirEniDINOMETlIYLFOKHAMIDO- 





J 


+ 


N 

H 



NCHiCCCOiC-Hs); 

OTCHO 



-rCHjCCCO-C-Hs)! , 

] I + 

NHCHO 



i 


.CHjN 



N 

H 


Solvent 

Mesitylene 

Xylene 

Xylene 

Toluene 

Toluene 



Yield of 

Y'ield of 
Indole 


Alkylated 

Mannicli 


Product (A) 

Base (B) 

Catalyst 

% 

% 

NaOH 

10 

0 

NaOH 

7C 

0 

None 

0 

70 

NaOH 

21 

0 

None 

IG 

22 


Benzene NaOH 0 

Benzene None 0 


TABLE X 

Casbon Alkylations with Mannich Bases Derived from Nitro 
Compounds 


Mannich Base or 

Compound 

Solvent; 

Product 

Yield 

% 

Quaternary Salt 

Alkylated 

Catalj’st 

34 

l-Diinethylainino-2-mtro- 

1-Nitropropane 

None; NaOH 

3,5-Dinitroheptane 

butane 

l-Diethylainino-2-nitro- 

1-Nitropropane 

None; NaOH 

3 ,5-Dinitroheptane 

18 

butane 

l-Dimetbylaimno-2-mtro- 

2-Nitropropane 

None; NaOH 

2-Mcth>*l-2,4-dimtro- 

55 

butane 

l-Dietbylaimno-2-mtro- 

Methyl cyanoacetate 

Xylene; none 

hexane 

Methyl 2-cyano-4-mtro- 

23 

butane 

l-Dietbylamino-2-mtro- 

Bthyl cyanoacetate 

Xylene; none 

hcxanoate 

Ethyl 2-cyano-4-mtro- 

16 

butane 

l-DirDethylainino-2-inetbyl- 

2-Nitropropane 

None: NaOH 

hexanoate 

Alkj'lation failed 


2-nitropropane 
l-Dimethylanuno-2 -methyl- 

Ethyl acetamido- 


Alkylation failed 


2-rdtropropane methiodide 
l-Dunethylaminn-2-methyl- 

cyanoacetate 

a-Naphthol 


Alkj’lation failed 


2-nitropropane methiodide 
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INTRODUCTION 


The reaction of a tertiary amine with cyanogen bromide was first 
described in 1900 by Julius von BraunJ who subsequently elaborated 
the reaction to such an extent that it rightfully bears his name. The 
reaction apparently was discovered independently by Scholl and Norr,^ 
whose paper was submitted for publication five weeks after the sub- 
mission of von Braun’s first paper. 

Generally, a tertiary amine reacts with cyanogen bromide to yield an 
alkyl bromide and a disubstituted cyanamide. The direct conversion of 


R" 


\ 

R’— N + BrCN 

/ 


R" 

\ 

RBr + NON 

/ 

W 


secondary amines to disubstituted cyanamides with cyanogen bromide 
proceeds in low yield because some of the amine is converted to its 
hydrobromide. Furthermore, the amine hydrobromide frequently 
reacts with the cyanamide formed to give a guanidine as the principal 
product.® Preliminary conversion of the secondary amine to a tertiary 
amine by reaction with formaldehyde, followed by cleavage of the 
product ■with cyanogen bromide, affords a better yield of the disub- 
stituted cyanamide. 

An acyclic amine yields an alkyl bromide and a disubstituted cyan- 
amide as discrete products. The bromide and cyanamide obtained from 
the cleavage of a monocyclic amine, such as an N-substituted pyrrolidine, 

^ von Braun, Ber., 33, 1438 (1900). 

2 Scholl and Noir. Ber., 33, 1550 (1900). 

^ von Braun, Ber., 42, 2035 (1909). 
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> RN(CN)CH2CH2CH2CH2Br 

the bromine and the cyanamide ^oup in the a” 

heterocycles such as pyridine add a mole of cyanog 
carbon-nitrogen double bond. 



BrCN 
> 


N 



N 

CN 


H 


Br 


An elimination reaction resulting in the fomation of an olefin can 
occur."’* The presence of a secondary or tertiary alkyl gro p 


R' 


\ ,, BrCN 

C(CH3)NR"R"' — > 

/ 


R 


R' R"' R' 

'^C==CH2+ ^NCN -b C(CH3)NR"R"''2Br 

/ ^ y 

R R" R 

anune is conducive to olefin formation. When the reaction ^akes 
course, a considerable quantity of the amine is converted to t e y 
bromide and is thereby prevented from reacting mth the cyano 

bromide. _ . , .w 

Von Braun" early in his work noted differences in the vigor o 
reaction of various amines with cyanogen bromide. Simple a ip s- 
amines react so vigorously that dilution with an inert solvent is require ^ 
to keep the reaction under control. Derivatives of aniline ^^ae 
readily; N-alkyldiphenylamines require relatively strenuous con i wn^ 
for cleavage and give poor yields of products. As the nucleop 
character (basicity) of the nitrogen atom is reduced, its tendency 
react with cyanogen bromide is lowered; e.g., N-substituted ami es 

* von Braun, Ber., 33, 2728 (1900). 

^ Elderfield and Hageman, J, Org. Chem,, 14 , 605 (1949). 
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, KT-nmiflp 6 The nucleophilic strength of cyan- 

not react with reaction ivith cyanogen bromide.' 

amides is suffici ^ is cleaved by cyanogen bromide, there is 

°:rSr1ra:X:=r'LSon betLn the cyanmnides formed 
and excess cyanogen bromide. c fUg von Braun cyanogen 

The moot le of prions 

bromide reaction is its us ^ _ purpose it is neces- 

carbon-nitrogen bonds mtertiaymm^ substituents is displaced as an 

sary to determme whic l^,ge amount of data on the 

alkyl bromide or olefin, ^o ^ 

relative ease of remova.1 o ^ pI paved Isee p. 231 and Table 

proximately how a particular amme , • the cleavage may 

Depending upon the of all possible 

proceed entirely in one direction, or it may give 

alkyl bromides and disubstitute reaction of the amine with 

A serious interfering to fo^ ^ 

ThWde reUn, which is particniarly serious when 
r-r,, 1 R' 


R" 

2 R'— N + BrCN 

/ 

R 


R' 

\ 


/ 


'N(R")s 


R 


R' 

Br * -f ^NCN 
R 


highly reactive .i^"«niides me 
that the amine is continually in P 

during the reaction. ourDrisinElv few cases in which the 

A survey of the literature dis g^ employed for synthetic 

von “y““S“Xpltdraioly as a method of degradation in the 

purposes. It has been appii 

structural analysis of alkaloids. proper experimental 

Many cleavages, however, w e ^.re obtained in excellent 

conditions, proceed smooth^ , a applied more widely in 

yields. Itappeam that thereact.on^could^^ 

synthetic organic chemistry reported lacks details, particu- 

nately, much of the experimen prevented the reaction 

larly with regard to yields, an reactions reported to 

from attaining wider sjmthetic - certainly be improved by 

give n mixture of Produ'^ ^'“ditions. 

the proper choice of exper 

« von Braun. Brr.. 3G, 2280 (1903). ^ U L, obvioua that tha substance 

. For convenience, ionic ebarc^ 
represented is a simple quatemarj 
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The material in this chapter is limited to a discussion of reactmn 
of tertiary * amines with cyanogen bromide. Reactions of ^ ^ 

bromide with other compounds are mentioned only when t ey d 
this general discussion. The effect of the structure of the amine on 
direction of cleavage by cyanogen bromide is emphasized. 


MECHANISM 

Von Braun’s observation of the formation of an initial, transie^ 
precipitate 7 when an amine is mixed with cyanogen bromide le 
to propose the preliminary formation of an unstable complex mvo 
quaternary nitrogen. This intermediate is stable only at low tempe 
tures and has never been isolated for characterization. ^ -u • of 
A brief consideration of the structure and chemical behavior 
cyanogen bromide is helpful in understanding its reaction with ‘ 

On the basis of X-ray diffraction studies ® and Raman spectra^ a a, 

cyanogen bromide has the structure Br — C=N rather than Br -0^^ 

In the cyanogen hahde series cyanogen chloride nearly always reac 
ivith displacement of the chlorine as chloride ion, whereas in cyanogen 
iodide the presence of positive iodine is indicated.'® Cyanogen ^ 

occupies an intermediate position with respect to the polarity o 
carbon-halogen bond. The brominating action of cyanogen bromi e 
and its reaction with Grignard reagents'® suggest the presence o 
positive bromine atom. However, in the greater number of reactions 
cyanogen bromide the bromine is displaced as bromide ion. Reaction 
with aqueous alkali forms bromide and cyanate ions.'® Reaction i 
aqueous solutions of primary, secondary, or tertiary amines pe ^ 
bromide ion quantitatively,'® The electrolysis of cyanogen bromi e m 
a variety of organic solvents results in migration of bromine to 
anode as bromide ion." 

The initial reaction of cyanogen bromide with an amine involves a 
displacement of the bromine as bromide ion with the formation o an 

♦Throughout the remainder of this chapter the word "amine” is used to designate a 
tertiary amine unless otherwise indicated. 

’ von Braun, Ber., 40, 3914 (1907). 

» Pauling and Hendricks, J. Am. Chem. Soc., 48, 641 (1926). 

® West and Farnsworth, J. Chem. Phys., 1, 402 (1933). 

" Kleinberg, J. Chem. Education, 23, 559 (1946). . , . p b- 

Migrdichian, The Chemistry of Organic Cyanogen Compounds, p. 115, Reinho ^ 
lishing Corp., New York, 1947. 

Grignard, Bellet, and Courtot, Ann. chim., [9] 4, 28 (1915). 

" Griffith, Jobin, and McKeown, Trans. Faroday Soc., 34, 316 (1938). . 

” Clark and Streight, Trans. Roy. Soc. Can., 131 22, III, 323 (1928) [C. A., 23, 1» 
(1929)]. 
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addition compound t?— b; ZStn 

a^i bcomide. Von Bcaun* 


R" 

R' — NON 

/ 

R 


R" 

\ 


+ Br- 


NCN + RBr 


R' 


defined the vigor of the^mine 

Serr— with " ^ s;^ 

This mechanism is compatible "■* ^The elimination 

ammonium salts f. amine containing a secondary 

rrr^“S";eat^ - - - 

terpreted in a manner ““sislen m ^ reaction have 

No kinetic studies of ® Mechanism under the conditions 

been reported that shed any g recorded kinetic study of the 

normally employed. In fa amfnes deals with a measurement of 

reaction of cyanogen bromi aqueous solution.'^ Although 

the rate of formation of bromide mn in ^ 

second-order Hnetics were o identical with that in a 

the reaction in this instance is 

non-polar solvent. „v,or.5.;in involving a second-order displace- 

Evidence supporting a ^ observation that those alkyl 

meat from other studies to react readily in 

dLTaL^m are also most readily cleaved from amines as 

alkyl bromides.'® Rmin reaction is akin to other reac- 

In this formulation, ^ ^y conversion of the nitrogen 

tions of tertiary amines , dealkylation. Some examples 

to the quaternary state, fo 

follow. with dimethylanilinc in much the same 

(a) Acetyl bromide reac formation of the disubstituted 

manner as does cyanogen brormde. 

^ , pTT roBr -> [C6HsN(CH,)3lBr -f- CHsCONCCHsICcHb 

2C6HbN(CH 3): + CHsCOBr . , 

a r CT<im.Soc., 66.200 (195- ): Snyder and Speck. 

“ Snyder, Smith, and Stewart, ' ' Frartcr. 39, 305 (1920); 45, 109 (1929). 

ibid., 61. CSS. 2S95 (1939); Rodmot. Bn <• 

See also Chapter 3. , „gg (1924). 

» von Braun and Engel. Arm 436, 

n Stadcl, Bcr.. 19. 194' (ISSO- 
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acetamide is anaiogous to the formation of cyaWdes by cyanogen 
bromide; both reactions form methyl bromide which may appea , 
above, in a quaternary salt of the amine. Acyl chlondes undergo th 
reaction far less readily than acyl bromides. ^ 

(b) The dealkylation of an amine by a carboxyUc acid proceeds 
less readily than by an acid halide or anhydride.” Heatmg dime y 
aniline to 210-220° with ^-phenylpropionic acid gives a 15% yieia 
disubstituted amide.^® 

Heat 

CbEbNCCHs)! + 2C6H6CH2CH2CO2H 5 - 

CeHsCHjCHsCONfCHslCeHB + C6H6CH2CH2COi.CH3 

(c) Demethylation of dimethylaniline is effected by heating ivif^ 
n-amyl bromide or phenacyl bromide.^’ These two reactions mere 

C6HbN(CH 3)2 + n-CsHiiBr > C6HBN(CH3)CBHii-n + CHsBr 

C6HbN(CH 3)2 + CeHBCOCHsBr ^ C6H6N(CH3)CH2COC6 Hb + CHsBr 

convert one tertiary amine to another; in this respect they differ from 
the other examples. 

Cyanogen bromide reacts with thio ethers and with tertiary p o® 
phines, arsines, and stibines in much the same way as with amines, 
ethers undergo cleavage with the formation of an alkyl bromide an a 
thiocyanate,“’'“'^* but no analogous reaction has been observed wi 


RSR' RSCN + R'Br 

ethers. With thio ethers the relative ease of removal of various alkyl 
groups parallels closely that observed with amines. . . 

In contrast to triphenylamine, triphenylphosphine forms an addition 
compound with cyanogen bromide, but no cleavage to bromobenzene 
takes place. Phosphines appear to be attacked more readily by cyanogen 
bromide than are amines.^® 

0 

(CH3)2N<^^P(CeHB)2 ^ Oil ^ (CH3)2N<^^P(C6H5)2-H20 


'* Tiffeneau and Fuhrer, Bull. soc. chim. France, [4] IB, 163 (1914). 
“ von Braun and Weissbaoh, Ber., 63, 489 (1930). 

“ Claus and Rautenberg, Ber., 14, 622 (1881). 

“ Stadel and Siepermann, Ber., 14, 984 (1881). 

“ von Braun and Engelbertz, Ber., B6, 1573 (1923). 

” von Braun, May, and Miohaelis, Ann,, 490, 189 (1931). 

* von Braun and Friedsam. Ber,, 63, 2407 (1930). 

“ Steinkopf and Buckheim, Ber., 54, 1024 (1921). 
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Tertiary areines react with cyanogen bromide to form addition 

f considerably more stable than those from amines, 

products r Ursine yields an addition complex that can 

iroS'LnTiSec cleavay oniy when h^.d^^ Tertiary et.b- 
ines react with cyanogen bromide m a similar manne . 

BrCN 

(CeHblsAsCaHB ^ 140 » ^ a otj P TTeBr 

[(CeHBlaAsCCNlCiHdBr > (C6H6)2AsCN + CjHb 

SCOPE AND LIMITATIONS 
Acyclic * Amines 

Thecleavageofanuncyr^etric^ys— 

rte s"^t"n aeccnding the normal aliphatic aeries, 

(«-C.H,),NCH. (»-C,H,),NCN + CH.Br 

(,-C.M,NC,H. ^ («-C.H,)rNCN + CrH.Er 

„ , _ rir,r>woQepc! thc dlffcrcnce between 

the ease of removal of the a y ’lower members of the 

adjacent homologs being grea er difference in the ease of 

series. Above n-he^l “31 ^ structural features, such as 

cleavage of consecutive , ’ of /?,7-unsaturation, are far 

branching of the chain an P Cleavage of an aromatic 

more significant than the size of the ^ ^^ry^d. A rule that is 
amine to give an aryl hromi e ^as ^Ikyl group will be 

helpful, though not inviola , ^ comparison of the rela- 

removed from the amine can , bromides. Generally those 

tive reactivities of the halides are known to be highly 

groups, such as allyl anU o cleaved more readily than 

reactive in displacemen rea ^ substituent is cleaved with the 

less reactive groaps_ Howeve^. 
formation of an olefin, t 

“ Steinkopt and ®^'54*2791 (1921). 

n Steinkopf and *841 (1921). 

28 Stcinkopf and MilUer, Ber., . gg 2597 (1922). 

» Steinkopf, Donat, goc. London, Series A, HO, 634 (1926). 

Morgan and Yarsley, Proc- ^ jV g to denote that the nitrogen atom of the amine 
* The terra "acyclic” is strict sense that cyclic substituents are excluded, 

is not part of a ring. , 607, 1 (1933). , ,, P 

von Braun and co-workers, . j jgt ed., p. 154. McGraw-HUI Book Co., 

n Hararaett. Physical Orgamc Chemxs 

York. 1940. 
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Since a phenyl group is not removed from an amine by cyanogen 
bromide, dialkylanilines containing different alkyl groups have een 
employed extensively for dealkylation studies. The n-’pvopy^ group i 
removed more readily than the isopropyl group when n-propylisopropj 
anihne is allowed to react with a molar equivalent of cj-anogen bromi e 

C6H6N(C3H7-n)C3H7-i C6H6N(CN)C3H7-i + n-C3H7Br 

at the temperature of the steam bath/ The tendency of the isopropjl 
group to undergo removal by an elimination reaction has been observ e 
in the reaction of diisopropylaniline with cyanogen bromide. In t is 
reaction an appreciable quantity of diisopropylaniline hydrobromi e is 
formed.* Since isopropyl bromide did not react with diisopropylani me 
under comparable conditions, it can be concluded that the isopropy 
group is removed directly from the quaternarj' addition compound as 

propylene. _ . i * ,1 

The greater lability of the n-butjd group compared with the isobuty 
group has been shovm by the cleavage of n-butylisobutylaniline.“ Very 


C6H6N(C4Hs-n)C4H9-i C6H6N(CN)C4H9-t + r)-C4H9Br 

little cleavage to give isobutyl bromide was observed. More remote 
branching of the chain, as in the isoamjd group and higher homologs, is 
much less influential. 

Pjy-Unsaturation. The labilizing effect of j3,7-unsaturation is demon- 
strated by the cleavage of methylallylaniline,* and diethylcyclopentenyl- 
amine.®* No mention was made of the isolation of any cyclopentenyl 


C 6 HbN(CH 3 )CH 2 CH=CH 2 

CH=CH 

(C^HbIjNCH 

\ 


CHj— CHj 


CeKsNCCNlCHs + CH2=CHCH2Br 
(CaHsl-NCN + Amine hydrobromide 


bromide in the latter reaction. It is not surprising that transfer of the 
unsaturation to a more remote position greatly reduces the lability, ns 
has been shown by the cleavage of dimethyl-4-pentenylamine.^® This 

CH 2 =CH(CH 2 ) 3 N(CHs )2 

CH 2 =CH(CH 2 ) 3 N(CN)CH 3 + [CH2=CH(CH2)3N(CH3)3]Br 

"von Braun and Mnrjahn, Ber., 69, 1202 (1926). 
von Braun and Kuhn, Ber., 60, 2551 (1927). 
von Braun and Kohler, Ber., 61, 79 (1918). 
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reaction illustrates a common side reaction involving the formation of a 
quaternary ammonium bromide by the reaction of the liberated alkyl 
bromide with the amine. A determination of the structure of the 
quaternary bromide reveals the direction of cleavage of the amine. 

Though the benzyl group is more susceptible to cleavage from an 
amine by cyanogen bromide than the methyl group, a phenethyl group 

BrCN 

CeHsCHsNCCHslCsHfi > CsHsNCCNlCHs + CsHsCHsBr 

BrCN 

CeHBCHaCHsNCCHslCeHB > CbHbCHsCHsNCCNICbHb + CHaBr 

is more resistant to cleavage. When removed further than the /3 position, 
the phenyl group exerts no labilizing influence. 

The removal of an allyl group in preference to a benzyl group is 
demonstrated by the cleavage of allyldibenzylamine and allylbenzyl- 
aniline.®® In these reactions the products contained only traces of 
benzyl bromide. 

An interesting labilizing effect is associated with the presence of a 
cyclopropyl group. The cyclopropylmethyl group is more readily 
removed than a methyl group. It is, however, less readily removed 

CHs CH2 

\ BrCN / 

CH 2 CHCHaNCCHalCeHB 5- CsHbNCCNICHs + CH 2 CHCH2Br 

than a benzyl group. 

Amines containing the more readily displaced substituents do not 
necessarily react more vigorously with cyanogen bromide. For instance, 
tribenzylamine does not react with cyanogen bromide at room tempera- 
ture; heating to about 70° is required to effect an appreciable rate of 
reaction.* 

Substituted Allyl and Benzyl Groups. Extensive studies have been 
made of the effect of substituents on the ease of removal of allyl and 
benzyl 16.23,24,31,39,40 groups. The introduction of a chlorine or bromine 
atom into the P or 7 position of the allyl group increases the resistance 
to cleavage to the extent that these groups are less easily removed than 
a benzyl group.®® The difference between the effect of bromine and that 

BrCN 

C6H5CH2N(CH3)CH2CBr=CH2 ?■ 

CH2=CBrCH2N(CN)CH3 + CBEsCnsBr 

^ von Braun and Schwartz, Ber.t 35, 1279 (1902). 

“1 von Braun, Bar., 43, 3209 (1910). 
von Braun, Fussganger, and Kiihn, Ann., 445, 201 (1925). 

^ von Braun, Kuhn, and Weismantel, Ann,, 449, 249 (1926). 
von Braun, Michaelis, and Spanig, Ber., 70, 1241 (193/), 
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of chlorine on the labilit 3 ^ of substituted allyl groups is too small to e 
detected by the method of product analysis employed. However, a 
halogen in the P position has been shown to produce greater resistance 
to cleavage of the group than one in the y position.®’ An increase in t e 
labihty of the allyl group is caused by a phenyl group in the y position. 

The presence of halogen in the ring of the benzyl group influences t e 
labintj-’ of this group in a deflnite With the exception of substi 

tution by fluorine, which appears to exert little influence, the halogen 
substituted benzyl groups show greater resistance to cleavage than t e 
unsubstituted benzyl group. The lability of the substituted benzy 
group decreases in the order Cl > Br > I.®‘ With reference to position, 

p-ClCeHiCHjNCCHalCHiCeHiBr-p 

p-ClCeHiCHiBr + p-BrC6H4CH2N(CN)CH3 

m-BrCsHiCHjNCCHslCHsCeHiBr-o 

m-BrCeHiCHsBr + o-BrC6H4CH2N(CN)CHs 

the lability decreases in the order para > meia > ortho. Variation of 
the position exerts a more pronounced influence than variation of the 
halogen. This is shown by the cleavage of o-chlorobenzyl-w-iodobenzyl- 
methylamine.®' In the examples cited, the occurrence of cleavage almost 

Tn-IC6H4CH2N(CH3)CH2C6H4Cl-o — 

ni-IC6H4CH2Br + o-ClC6H4CH2N(CN)CH3 

exclusively in the directions indicated shows that the differences in the 
labihty of these substituted benzyl groups are quite pronounced. 

Other substituents, hke the halogens, decrease the lability of 
benzyl group most effectively when in the ortho position. Variation of 
t e labihty with change in position is not so marked ■with the nitro 
^oup as -nuth the halogens." Quahtative evaluation of the effect of 
different substituents in any particular position upon increasing the 
resistance to cleavage of the benzyl group gives the following decreasing 
order of effectiveness; NO 2 > CN > I > Br > Cl > H. The acet- 
amino group has been sho'wn to increase the resistance to cleavage of 
the ben^l group to a greater extent than cHorine but no data comparing 
It with bromine and iodine are available. The nitro and cyano groups 

P-CH3CONHC6H4CH2N(CH3)CH2C,H4C1-p ^ 

P-CH3C0NHC6H4CH2N(CN)CH3 + p-ClC6H4CH2Br 
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P-02NC6H4CH2N(CH3)CH2C6H4C1-0 


BrCN 


P-02NC6H4CH2N(CN)CH3 + 0-ClC6H4CH2Br 


p-NCC6H4CH2N(CH3)CH2C6H4l-o 


BrCN 


P-NCC6H4CH2N(CN)CH3 + o-IC6H4CH2Br 


t, u r, rAnnrt^d in which the lability of a benzyl 
However, no case has been rep extent that 

group has been reduced by a substituent “ 
its resistance to cleavage equals that of a m y g ^ 

Substituents that labilize benzyl ^ 

creasing effectiveness, are as o ows. Y ^ substituent in 

p-xenyl > ethyl > methyl > H ^n ^han when it is 

the ortho position produces a le „,.r,nn in the vara position 

in the mein or para position. Though a f „„t.» 

labilizes the benzyl group, a methy group m ^ p-chloro- 

However, the «-methylbensyl group le more labile than 

BrCN 

0 -CH 3 C 6 H 4 CH 2 N(CH 3 )CH 2 C 6 H 6 > 

CeH3CH2Br + o-CH3CeH4CH2N(CN)CH3 

benzyl group - The p-methoxybenzyl group is the most labile of those 

BrCN 

0-CH3C6H4CH3N(CH3)CH2C6H4C1-P ^ 

P-CIC6H4CH2N(CN)CH3 + 0-CH3CeH4CH2Br 

•IoKIp Tiprmitting a direct comparison of it 
studied; “ no data are available permitrmg 

with the allyl group. , |ga.vage of amines containing 

In a study of the rela ive Engel observed a dose 

substituted benzyl n „ieavage and the rate with which simi- 

relationship between the ethoxide ion. In the ac- 

larly substituted benzy c ^ second-order rate constants for the 

companying table are ethoxide ion as determined by 

reaction of several ben^ increase in ease of removal of these benzyl 
the method of Franzen. in bromide parallels the increase m 

groups from an amme by cyanot, 
these rate constants. 

M 97 . 01 ( 1918 ). 

« Franzen, J. prakl. Chem., l-I 
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Relative Reactivities of Some Benzyl Chlorides with Ethoxide Ion 


Chloride 

Benzyl 

p-Methylbenzyl 

p-Ethylbenzyl 

p-Phenylbenzyl 


hi 

7.9±0.3 

11.9 ±0.3 

14.9 ±0.8 
73.8 ±0.2 


Though the allyl group is more labile than the benzyl group, intro- 
duction of some labilizing groups into the para position of the benzyl 
group causes a greater increase in lability than introduction of the same 
groups into the 7 position of the allyl group. This is shown by the 
accompanying reactions,'® for which only the major products are given. 

p-RC6H4CHi,N(CH3)CH2CH=CHR 

R. " CgHfi or CH3 

RCH=CHCH2N(CN)CH3 + p-RC8H4CH2Br 

The effect of structure on the ease of cleavage of various substituted 
allyl and benzyl groups is closely analogous to the effect on the re- 
activities of the corresponding allyl and benzyl halides in second-order 
displacement reactions. For example, those substituents that have 
been shown to increase the ease of cleavage of the benzyl group from an 
amine by cyanogen bromide also increase the reactivity of the benzyl 
halides in displacement reactions. 

The Cyanomethyl Group. The ease of cleavage of the cyanomethjd 
group has been estimated to be approximately equal to that of the 
ethyl group. Diethylaminoacetonitrile undergoes cleavage in both 
directions in nearly equal amounts. Similar behavior is exhibited by the 


(OJI.,,NCH,CN 0^H.N(CN)GH.CN + C.H.E, 


(CjHslzNCN + BrCHjCN 


carbethoxymethyl group. Cleavage of dimethylaminoacetonitrile pro- 
ceeds nearly completely in the direction yielding methyl bromide. The 
cyanomethyl group reduces the ease with which an amine will react with 
cyanogen bromide. When methylanilinoacetonitrile is treated with 
cyanogen bromide at 100° for five hours, bromination of the ring occurs 
m preference to cleavage of the amine.« No reaction takes place at 
room temperature. 

CsHsNfCHslCHjCN p-BrC6H4N(CH3)CH2CN 

” Braun, Ber., 40, 3933 (1907). 
von Braun, Ber., 41, 2100 (1908). 
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Methylenediamines. The methylenic linkage in tetrasubstituted 
methylenediamines is cleaved by cyanogen bromide with extreme ease/^ 

2BrCN 

[(C6H6CH2)2N]2CH2 > 2(C6H6CH2)2NCN + CHaBrs 

Even when the labile benzyl group is present, cleavage proceeds ex- 
clusively in the direction shown.® 

A Steric Anomaly. A peculiar steric effect involving the reaction of 
some or(/io-substituted aromatic amines has been observed.®^-®® Some 
diphenylmethane derivatives containing two dimethylamino groups both 
of which are hindered by a group in the ortho position, e.g., I and II, 


HgC CDs j’Nlun3;2 

(CH3)2N^^^CH2^^~^N(CH3)2 

~~ ~ nICTs 


CHs 


N(CH3)2 CHs 

o 

N(CH3)2 


II 


undergo no reaction with cyanogen bromide. Attributing this lack of 
reactivity to a steric or ortho effect, one would predict that compounds of 
a similar type containing one hindered and one unhindered dimethyl- 
amino group, e.g., Ill and IV, would react only at the unhindered group. 
However, under the same conditions these compounds react at both 
dimethylamino groups.'*® A similar situation has been observed when 




these compounds were treated with iodoacetonitrile. Analogous 
compounds in the biphenyl series give the same results.'*' No satis- 
factory explanation of this anoma^’^ has been offered. 

“ von Braun and Rover, Bcr., 36. 1106 (1003)- 
“ von Braun and Krubor, Ber.. 46, 3470 (1913). 

« von Braun and .Mintr, Ber., 60. 1651 (lt>I<). 
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CYCLIC AMINES 


An aspect of the reaction of nitrogen ring compounds with cyanogen 
bromide that has received considerable study is the determination of the 
relative ease of fission of various ring systems. In the method most 
frequently employed, the ratios of ring cleavage to dealkylation of 
different rings containing the same alkyl group as a substituent on the 
nitrogen atom are compared. From a knowledge of the relative ease of 
displacement of several of the alkyl groups discussed previously, it is 
frequently possible to select a substituent that permits either complete 
dealkylation or complete cleavage of the ring. 

Ethylenimines. Ethylenimines are known to undergo ring cleavage 
very readily in the presence of electrophilic reagents, i.e., compounds 
that convert the amino nitrogen to the quaternary state. Therefore, it 
is not surprising that this ring system is readily cleaved by cyanogen 
bromide. Only four examples of the reaction of 1-substituted ethylen- 
imines with cyanogen bromide have been reported.^ By the gradual 
addition of 1-ethyl- or 1-n-butyl-ethylenimine to an ether solution of 
cyanogen bromide, there arc obtained 88% and 94% yields, respectively, 
of the 0-bromoethylcyanamides. The ring system in ethylenimines is 
so labile that it is doubtful if any substituent could be displaced from the 


CHj CHs 

\ / 

N 

R 

I « C2H6 or n-C4H9 


BrCN 


> BrCH2CH2N(CN)R 


nitrogen without cleaving the ring. 

Cleavage of symmetrical rings of the type shown above can yield only 
one bromoalkyl cyanamide. An unsymmetrical cyclic structure offers 
t e possibility of cleavage in two directions. Only a few examples of the 
unsymmetrical type have been reported. ^ Three products were obtained 
from the reaction of l-n-butyl-2-ethylethylenimine with cyanogen 
roim e in ether solution. This cleavage at the secondary alkyl linkage 


H 6 C 2 CH CH 2 

\ / 

N 

C4H9-n 


BrCN 


CjHsCHBrCHjNfCN) C4H9-n 
82 % 


+ CH 3 CH— CHCH2N(CN)C4H9-n + C2H6CH(NHC4H9-n)CH2Br-HBr 

11 % e% 

rather than at the primary alkyl linkage is inconsistent with the greater 
ease ot cleavage of the 7i-propyl group compared to the isopropyl group 
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(see p. 206) and the direction of cleavage of l-n-butyl-2-methylpyrroli- 
dine (see p. 214). The greater strain in the ethylenimine ring may 

account for this difference. _ = .,i 

The reaction of l-n-butyl- 2 . 2 -dimethylethylenimme ' with cyanogen 
bromide yields a considerable quantity of an umdentified poljuneric 
material. The only discrete products isolated are those shown in t 


(CHalaC; 


BrCN 

-CHa > 


\ / 

N 

C4H9-n 

CHa=C(CH3)CHaN(CN)C4H9-n + (CH3)9CBrCHaNHC4H9-n-HBr 

29 % “ 

accompanying formulation. These results show that ring cleavage 

oeours pierentially at the tertiary f “fttTwed 

reaction The hydrogen bromide produced accounts for the observed 

formation of polymeric material. rvanoaen 

Azetidines. The only azetidine whose reaction with y g 

bromide has been reported is 1 -n-butylazetidme. 


CHa 

/ \ 

CHa CHa 

\ / 

N 

CdHa-n 


BtCN 


Br(CHa)3N(CN)C4H9-n 

85 % 


Py^hdlnes and Otter Kve-Memhered^^/- 

V^r^^S'deSS JsSy am “ 

dihydroindoles, dlhydroisomdo ra, benzene solution, 1-n. 

When treated wit of n-butyl-5-bromobutylcyan- 

temore labile ethyl group is employed as the 


a 


BrCN 


Br(CH2)4N(CN)C4H9-n 


N 

CdHg"!* 


• •<; cleaved to the extent of 94%.''® However, when 

substituent, the nng i substituent, the pyrrolidine ring is not 

a benzyl group is empioyeu 

Eer.. 68. 2291 (1935). 


. ^ Ber. 68. 2291 (1935). 

I ^911). 

von Braun, Ber 
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Tpld .. A few unsymmetrioel pyrroUdines undergo ring cleavage in 

^ , /-iTTn rr.P.TTn'Rr 



BrCN 


+ o-CHr=CHC6HACH2Br 


CH2C6H4CH=CH2 -o 

^Se ;^ima:; *yl broroide/ 


N 

CN 


o. 


BrCN 


'CHs 
'N 

CdHg-n 


Br(CH,)3CH(CH3)N(CN)C4H,-n + CH,CHBr(CH.),N(CN)C4H9 n 

70% 


70%, 

men the isopropyl group is present instead of »-bnW ^oup, 
lie still pves predominantly ‘‘'O Prnno^J''0™ao>“j^^ 

proiris exclusively by cleavage at the tertmry alkyl bnkage. 

L JfCHih 

N 

CdHs-n 


BrCN 


N 

/I 

H CdHg-n 


Br 


42% 


:C(CH3)CH2CH2CH2N(CN)C4H9-n 

41% 


+ CHj=( 

mode of cleavage, wliicli is analogous to that of the a 

ethylenimine (see p. 213), indicates that cyanogen bromide re 
tertiary alkyl group from an amine by an f .^inent 
readily than it removes a simple primary alkyl g[ouP by "i disp 
reaction. Compared with the pyrrolidine ring, the dihydromdole ring 
slightly more susceptible to cleavage.^ 

BrCl^ |-'^CH2CH2Br 


i BrCN jj ^^CH2CH2Br 

J ^I^N(CN)CH3' 



N 
CHs 


N 

CN 


40% 


27 %, 


von Braun, Ber., 49, 2629 (1916), 
w Elderfield and Green, J. Org. CAcm., 17, 431 (1952). 
von Braun, Ber., 61, 96 (1918). 
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The ri„. system i- 

ot the bentyl type; d.hydro.somdolee ^ stable, 

to ring fission ‘ban dihydromdoUs Ti e ^ 
however, to permit the removal of a benzji groi^ ^ 
the ring, as shown by the accompanying equation. 


CeHgCH^N 



NCHgCeHs 


2BrCN 


> NON 





NCN 


When the substituent on the 

group, ring opening ujed Rings. A tbicrt c.mpari.son 

Piperidines and Other Six- nvnoliciinc rings is afforded 

of the relative stability of the ^ bromide, 'ri.e direction 

by the reaction of j ^1, degradation of tlic reaction iirodncit 

of ring cleavage was deterrmned ^ .^ddinc undergoes nearly 
to racemic coniine. Though i ci j i . 


Co 


BtCN, 



N 

CN 


CIIoCnsCHoBr 


1 nlhvlpiperidinc undergoes de-ethylalion to 
complete ring cl^^ag , dcavage of the piperidine ring i^ 

the extent of 66 /o- ^nvnl of the n-propyl group as sliown by 

roughly equal to the ease o re evanogen bromide. Benzyl 

the reaction of l-n-propylpipendmc ' i - 



BiCN^ 



-u BrCdhtiNtCNfCjH;-!! 


N 

CsIB-a 


group; can be remov 
ring.*'' 


N 

CN 

iO~ 


fsT";- 


cd 'A-ith no detcclablo cleavage of the piperidine 
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An exceUent example of an elimination reaction is 
behavior of ethyl p-(l-piperidyl)propionate.=> This is 
example of the reaction of a /3-ammo acid ester with cyanogen 


BrCN 
> 

N 

CH2CH2CO2C2H5 

+ CH2=CHC02C2H5 

N 

bH2CH2C02C2H5-HBr CN 
43 % 

To insure that cleavage of the piperidine ring will be predominant, the 
substituent should possess a resistance to cleavage equal to or greater 
than that of the n-butyl group. Surprisingly, 1 -isopropyl^pipecohne 
is reported to undergo deallrylation with no detectable ring cleavage. 
The reaction of 1-phenylpiperidine ” can result only in ring opemng 
since the phenyl group cannot be displaced. 

Tropane, which contains both the piperidine and pyrrolidine ring 
systems, is completely demethylated by cyanogen bromide. Under the 





conditions employed for this reaction, nearly half the tropane lyas 
converted to the quaternary salt by reaction with the methyl bromide 
formed.**® 

Tetrahydro quinoline is shghtly more resistant to ring cleavage than 
piperidine. For l-n-propylpiperidine the ratio of ring opening to 
depropylation is 3:2; for l-7i-propyltetrahydro quinoline this ratio 
is 3:4. The contrasting modes of reaction of l-methyl- 3 -phenyltetra- 
hydroquinoline and l-methyl-2-phenyltetrahydroquinoline show how 
the stability of the ring can be modified. From the former the only 
product isolated was l-cyano-3-phenyltetrahydroquinolme, whereas 
from the latter there resulted a 50% yield of the ring-opened product.^® 

“ Elderiield, Pitt, and Wempen, J. Am. Chem. Soc., 72, 1344 (1950). 

^ von Braun, Ber., 41, 2165 (1908). 

^5 von Braun, Ber., 42, 2219 (1909). 

“ von Braun, Seemann, and Schultheis, Ber., 65, 3803 (1922). 
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goes ring opening with no appreciable demethylation, o-ethylbenzj 1 
group is removed in preference to cleavage of the ring. - 

0 


0 



BrCN 


^ o-C2H6C6H4CH2Br -f- 



N 

CH2C6H1C2H5-0 


N 

ON 


In benzomorphohne the ring is considerably naore stable than 
morpholine. Reaction of 4-methylbenzomorpholine with cyanoge 
bromide results in recoverj' of half of the starting material; no product 



resulting from ring opening is obtained.^ _ 

The piperazine ring is the most readily cleaved of the six-membered 
rings that have been studied. "When cyanogen bromide is added to 
1,4-dimcthylpiperazine, the major products isolated are the hydro- 

BrCN 

21UC^^ 

H;CN^^ ^NCH3-2HBr + 2CH:r=CHN(CN)CH3 

bromide of the starling material and methylvinylcyanamide.“ 

PjTidines and Quinolines. Reaction of 7-dipjTidjd in absolute 
ethanol with two moles of cyanogen bromide gives an adduct whose 
composition corresponds to the addition of one mole of cyanogen bro- 
mide.*' This is one of the few adducts of this type to have been isolated 



e.nd ch.aracterizcd. Reaction of pyridine with cyanogen bromide, 
follov.c i by tre.atmenl wth a primary or secondarj' amine, gives products 
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believed to result from 
1 ,2-diliydropyridine.®® 


the intermediate formation of l-cyano- 2 -bromo- 
Quinoline reacts with cyanogen bromide m 




^oist stor to give l-oyano-2-hydroxy-1.2-dihydr„goinotae and its 

“‘amlneous reaction of dninolme with 

anhydrous hydrogen cyamdembensene at 0 yields 



hydroquinoline."’” H the '1’’“°''”' it is necessary 

2 or 8 position, this reac^tion tate place es^ 
to operate in sealed tubes at 150 . me 



were established by conveteion to the 

<■-> I''- ‘‘™'' 

ts Mumm and Ludwig, A 5, 888 (1911)1- 

von Braun. WMach-Fctschnfl, 313 
’» Mumm and Herrendorfer, Bcr., . 
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Alkaloids 

The von Braun cyanogen bromide reaction has frequently been em 
plo^dirthe degraLtion of alkaloids by attack at the basjc mtro^ 
atoms. Its importance in this Bold is comparable to that of the olassicid 
Hofmann and Emde methods of degradation. Another reaction bearing 
von Braun’s name, which also has found considerable application as a 
method of degradation, consists in dealkylation of secondary amnes Py 
preparing the benzoyl derivative and treating this amide wit p os- 

phorus pentachloride or bromide. _ u t -a 

A few examples of the reaction of cyanogen bromide with alkaloias 
are presented merely to indicate the applicability of the reaction in is 
field. No detailed coverage or critical evaluation in relation to other 
methods of degradation is intended. 

The value of any reaction to be used as a method of degrading com- 
pounds of unknown structure is greatly enhanced by a thorough under- 
standing of the course of the reaction when applied to many simple 
compounds of known structure. The examples discussed above have 
aided in the development of this reaction as a method of degradation. 

Though repeated application of Hofmann’s method of exhaustive 
methylation often effects complete removal of a nitrogen atom, originally 
part of a heterocyclic ring, this cannot be accomplished by the use of 
cyanogen bromide. On the other hand, cyanogen bromide ivill some- 
times effect ring opening where the Hofmann method fails, namely, m 
the dihydroindole and tetrahydroquinoline ring systems.'*® Hydro- 
cotarnine ("ST) provides an example of the degradation of a compound in 
different ways by the Hofmann and von Braun methods.®*-’® This 
example also illustrates some of the deductions that can be made from 
the reaction of a compound with cyanogen bromide. Analysis of the 




" Iloubon, DU Mtihodtn der organUchm Chemit, 2nd ed.. Vol. IV, pp. 519-526, G. 
Thicmc, Lciprig, 192-1. 

^ Stntdl. in Gilman, Organic Chemistry, Vol. II, 2nd ed., p. 1175, John Wiley & Sons, 
New York, 1913. 
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^ VTT showing that the elements of cyanogen bromide 
reaction product s g amine nitrogen atom constitui.es 

have been added, imphes that a tertiary 

part of a ring that has un , concluded that 1.ho 

N-™thyl group hao to undergo ring 

nitrogen ring system is on , . • _ This indicates that a stable 

cleavage in preference "^^^'^linXe ie probably not in- 
ring of the piperidine or t y • compatible with ring 

volved. The o^semd behav or hov letrahyclroiao- 

Srine't :LS long iheee poseibiiitiee »il. be dictated by 

equivalent 1°,^, which proved to be a quaternary ain- 

"itrdoubS:--t tbeUion o, two teolce 0, tec, by, 

C,.H„N, + BrCN - Ci.HuNiB,, + C,.H„N*N 

VIII , , , 

1. TViP other (X) has tlio cornpofiitirii) 

bromide with the starting maei of concssine, Idjiilier 

of a cyanamide arising . ^ ogen bromide yioldc a f/wd net 

treatment of the cyanamide X with cyanog 

C23H37N2CN + BrCN C.3H34N,(CN), 

(XI) arising from a coribilnt iljw.'I'I 

indicate that each of the ni r g amine functions mu,--! f>c jolf/cfl 

one methyl group. respect to cleaya -, by 

to the molecule by bonds more stable v 

cyanogen bromide than the N-me^^^^^ bromide refi/;t/oo (/, tfio 

An interesting apphea ion the behavior of (iiiWAiyl/nortiliiti^-. 

morphinealkaloidsisthecomp^^ ! 

(XII), which undergoes ^emethylation, w 
which adds the elements of cyanogen bromide. 

'/i t 
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CHs 




The only pertinent structural difference in the nitrogen ring system 
of these two compounds is the presence of P,y unsaturation between 
carbon atoms 8 and 14 in thebaine (XIV) in contrast to the more 
remote 7,6 unsaturation at the 7-8 position in diacetylmorphine (XII). 
The /3,7-double bond in position 8-14 involves an allylic linkage to the 
nitrogen atom which labilizes the nitrogen ring system to a considerable 
extent. This explanation is supported by the fact that tetrahydro- 
thcbaine undergoes demethylation rather than ring cleavage. De- 
mcthylation rather than ring cleavage of morphine and codeine is one 
reason for assigning the double bond in these compounds to position 7-8 
rather than to position 8-14. 

When optically active dibenzojdapomorphine (XVI) is treated with 
cyanogen bromide in chloroform solution, there is obtained a 50% yield 
of a product resulting from ring opening and simultaneous loss of 
hydrogen bromide.'^ Though the analj'tical figures obtained for the 



pnidncl arc equally satisfactory’ for a compound arising from demethyla- 
liou vithout ring opening, structure (XATI) is assigned on the basis of 
the nbferved loss in optical activity. Furthermore, the course of the 
rcartinn ns indicated is consistent with the known lability of a benzyl 

linkage. 

^In conn.-ction with the problem of the determination of the structure 
cii Uip.niiic. V, interfcld and llolschneidcr have treated lupinane 
tW Hi) v.ith cyanogen bromide in boiling benzene. Occurrence of the 

^ y 1 4.-. ! .t-c, jo. 43 (1917). 
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ring cleavage predominantly in the direction indicated, rather than with 
fission of the other ring, was demonstrated by degradation of the 



[T^CO^H 

XX 


product (XIX) to quinolinic acid (XX). Had ring cleavage in the 
reverse direction predominated, the ultimate product would have been 
a-picolinic acid. 

Sparteine (XXI) reacts with cyanogen bromide ’’’’ to yield three ring- 



XXI 


opened products, one resulting from the addition of two moles of cyano- 
gen bromide and two incorporating one mole of cyanogen bromide, 
whose structures have not been determined. 

When treated with cyanogen bromide in chloroform solution, cocaine 
(XXII) undergoes ring opening to only a very slight extent; demethyl- 
ation is the predominant reaction.’'* Some cocaine methobromide 
results from reaction of the liberated methyl bromide with cocaine. 


CH3O2C 


CH.OoC 


CgH.CO, 


XXII 


NCHs CgHeCOz 


(D« 

XXIII 


CN + CH,Br 


Treatment of the reaction product (XXIII) with concentrated hydro- 
chloric acid at 120° causes the elimination of benzoic acid and removal 
of the cyano group, thereby yielding desmethylanhydroeegonine. The 
ethyl ester of anhydroecgonine (XXIV) cannot be demethylated by 
cyanogen bromide in an appreciable yield because of extensive ring 
cleavage.''* The enhanced lability of the ring in XXIV can be attributed 
to the presence of /3,y unsaturation. 



XXIV 


Winterfeld and Holschneider, Arch. Pharm.j 267, 433 (1929). 
von Braun and Muller, Ber., 51, 235 (1918), 
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SYNTHETIC APPLICATIONS 


Occasional mention of the synthetic value of the von Braun cyanogen 
bromide reaction can be found in the literature.^’ The adoption 
of this reaction for large-scale synthesis is limited by the properties ot 
cyanogen bromide; its toxicity and volatility discourage the handling 
of large quantities of cyanogen bromide. The instability of cyanogen 
bromide makes it inadvisable to attempt to store large quantities of it 
for an indefinite period. Consequently, use of the cyanogen bromide 
reaction in synthesis is at present restricted to the field of rare chemicals. 
The following survey of some applications, together with a few suggeste 
uses, is intended to provide an evaluation of the potentialities of the 
reaction in syntheses. 

The preparation of alkyl bromides by the cleavage of acyclic amines 
with cyanogen bromide finds only limited use, since these bromides are 
obtained more readily by other methods. However, the cyanogen 
bromide reaction does provide a convenient synthesis of bromoaceto- 
nitrile (p. 228) and of o-vinylbenzyl bromide (p. 228). 

The alkylation ot cyanamide frequently offers a convenient synthesis 
of dialkylcyanamides containing two identical substituents, but this 
method is ot little value when two different substituents are desired. 
The direct introduction of an aryl group into cyanamide is also not 
readily accomplished. To obtain a cyanamide containing one aryl and 
one alkyl group, it is often possible to remove one alkyl group from a 
dialkylarjdamine by treatment with cyanogen bromide. Cressman 
has employed the cyanogen bromide reaction for the preparation of 
monoalkyl a-naphthylcyanamides from dialkyl a-naphthylamines. The 
hydrolysis of unsj-mmetrically substituted cyanamides offers a means of 
obtaining unsymmetrical secondary amines in a pure state. Since 
guanidines are readily prepared by the reaction of cyanamides with 
amine salts,*' the applicability of the cyanogen bromide reaction to the 
synthesis of unsjTnmetrically substituted guanidines is apparent. 


R' 

\ 

NCN + R"NHR'"-HX 

/ 

R 


R' NH R" 

\ II / 

NCN -HX 

/ \ 

R R'" 


I he bromoalkylcyanamides obtained by ring cleavage are more 
useful since they can be employed in the sjTithesis of compounds that 

^ von Brs'.ui, [It-., Al, 2113 (1908). 

Cr^'«n:nn, Or;. S]/r.;hrjts, 27, 50 (1917). 
nr!<-nm-}(r. .Inn.. IIG. 258 (1808). 
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frequently are difficult to obtain by other methods. The |S-bromoethyl- 
alkylcyanamides resulting from the ring opening of 1-aIkylethyIen- 
imines react with primary amines to yield various cyclic guanidine 
derivatives and with secondary amines to give, after hydrolysis, unsym- 
metrical derivatives of ethylenediamine.® The products obtained by the 

CH2 CH2 

I I 

BrCH2CH2N(CN)R + Il'NH2 -» RN NR'-HBr 

\ / 

C 

II 

NH 

R" 

\ 

BrCH 2 CH 2 N(CN)R + R'NHR" NCHaCHzNCCNlR 

/ 

R' 

Imo 

R" 

\ 

NCH2CH2NHR 

/ 

R' 


ring opening of 1-alkylpyrroIidines have served as intermediates for the 
preparation of derivatives of putrescine * and monoalkylamino deriva- 
tives 

Br(CH 2 ) 4 N(CN)R + R'NHR" R'R"N(CH2)4N(CN)R 

J,H20 

R'R"N(CH2)4NHR 

of valeric acid.'*'' The product from the cleavage of N-phenylpiperidine 

C) NaCN 

RN(CN)(CH2)4Br RNH(CH2)4COOH 

with cyanogen bromide has been used for the synthesis of N,N'-diphenyl- 
cadaverine.®^ 

The above examples illustrate some applications of bromoalk 3 dc 3 mn- 
amides to the synthesis of compounds through replacement of the 
bromine atom by nucleophilic reagents rwthout altering the C 3 ’^anamide 
portion of the molecule. Though the recorded examples of the use of 
these bromoalkylcyanamides are few, they suggest a wide variety of 
applications to be investigated. 
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EXPERIMENTAL CONDITIONS AND PROCEDURES 

Solvents. Many procedures in the literature describe the reaction of 
amines ^vith cyanogen bromide in the absence of a solvent.^ This 
practice frequently gives poor yields because of unfavorable side re- 
actions. Particularlj' for amines that react vigorously with cyanogen 
bromide, the use of a diluent is necessary to keep the reaction under 
control. With the less reactive derivatives of aromatic amines a solvent 
is less essential and has frequently been omitted.®" The omission of a 
solvent appears to offer little or no advantage. If a reaction requires 
heating, the selection of a solvent having an appropriate boiling point 
affords a simple means of maintaining adequate temperature control. 
The physical properties of cyanogen bromide are such (m.p. 52°; b.p. 
62°) that heating a reaction mixture containing no solvent occasionally 
results in a clogged condenser. The use of a solvent accompanied^ by 
stirring gives more intimate mixing and avoids excessive local heating. 

Non-polar solvents such as ether, chloroform, benzene, and the hydro- 
carbons are to be preferred because of their immiscibility with water and 
their tendency to precipitate such by-products as amine salts, which can 
then be removed by filtration. Dry dioxane is a suitable solvent for the 
reaction but is to be avoided, if possible, since its miscibility with water 
complicates working up the reaction mixture. Though glacial acetic 
acid has been used,®" hydroxylated solvents are generally less desirable. 
Reasonably anhydrous conditions are recommended to avoid inter- 
ference associated with formation of hydrobromic acid. 

Order of Mixing Reactants. An important factor is the order of 
addition of the reactants. As a general rule, the gradual addition of a 
solution of amine to a solution of cj'anogen bromide is preferred. The 
reasons for this preference become evident when the predominant side 
reactions arc considered. \Mien highly reactive bromides such as allyl, 
benzyl, and methyl bromide are formed in the reaction, the presence of 
excess amine is conducive to the formation of quaternarj’' ammonium 
hroinido.s. Usu.ally cyanogen bromide reacts with an amine more 
rapidly than do alkyl bromides,® and use of the recommended order of 
addition minimizes this side reaction. Since hydrogen bromide reacts 
more rapiiily vith amines than docs cyanogen bromide, the order of 
.addition in elimination reactions in which hj’drogcn bromide is formed 
i*- ot relatively little importance. Here the yields of olefin and disubsti- 
tiited cvnn.amide are limited to a maximum of 50%, regardless of the 
ord'T of adilition. 
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If an amino is not very reactive toward cyanogen bromide, it will 
probably not react rapidly ^vith an alkyl bromide. For such amines the 
simplest procedure is to mix the amine and cyanogen bromide in an 
appropriate solvent and then heat for the required time. Unless war- 
ranted by some special circumstance, such as the desire to cleave an 
amine in the presence of a thio ether group or to bring about prefer- 
ential reaction of one of two amine functions present in the same mole- 
cule, the gradual addition of cyanogen bromide to an amine should be 
avoided. 

With sensitive amines such as the ethylenimines it is almost imperative 
that the recommended order of addition be followed, since these amines 
tend to undergo extensive polymerization initiated by traces of a re- 
active alkyl halide or an acid.®’ 

Isolation of Products. Procedures for the reaction of an amine with 
cyanogen bromide are generallj^ simple and not subject to wide variation. 
A greater ^'ariety of procedures is involved in working up the reaction 
mixture and in the isolation of a particular reaction product. The amine 
and cjmnogen bromide are allowed to react either without a solvent or, 
more frequently, in an inert, water-immiscible solvent such as ether, 
benzene, or chloroform. After completion of the reaction the addition 
of more solvent precipitates the major part of any quaternary ammonium 
salt or amine hj’-drobromide formed as by-products. Extraction of the 
solution with dilute aqueous acid removes any unreacted amine and the 
last traces of salts. The alkyl bromide and the cyanamide remaining in 
the organic layer can frequently be separated by fractional distillation. 

If distillation or crystallization does not effect a separation, the choice 
of another method depends upon whether the alkyl bromide or the cyan- 
amide is the preferred product. By refluxing the mixture with hydro- 
bromic acid it is often possible to hydrolyze the cyanamide to the amine 
hydrobromide and then isolate the desired alkyl bromide by steam 
distillation or extraction. If a particular derivative of the alkyl bromide 
is sought, it is often possible to carry out the reaction involving the 
alkyl bromide in the presence of the contaminating cyanamide and then 
to separate the derivative from the cyanamide. More frequently the 
cyanamide is the desired product. In such cases the contaminating 
alkyl bromide can be removed readily by reaction with a secondary or 
tertiary amine, followed by a separation of the amine salts from the 
neutral cyanamide. 

These methods are generally applicable to cyclic as well as to acyclic 
amines. A paper by von Braun ’ is of particular interest in regard to the 

^ Fruton, in Elderfield, Heterocyclic Compounds, Vol. 1, p. 70, John Wiley & Sons, 
New York, 1950; Lassell and Sundet, J. Am. Chem. Soc., 63, 2374 (1941). 
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use of different methods for separating the products resulting from the 
reaction of several piperidine derivatives with cyanogen bromide. 

Preparation and Properties of Cyanogen Bromide. A convenient 
preparation of cyanogen bromide in 200-300-g. quantities and in 73- 
85% yield from bromine and sodium cyanide is described in Organic 
Syntheses.^ In contrast to a note in this procedure on the instability of 
cyanogen bromide, the author has found that no decomposition occurred 
after storing in a glass-stoppered flask at room temperature for as long 
as a month. The loxiciiy and volatiliiy of cyanogen bromide require that 
all operations with this material be performed in an efficient hood. 

The cleavage of dimethyl-a-naphthylamine with cyanogen bromide 
to furnish methyl-a-naphthylcyanamide in 63-67% yield is described in 
Organic Syntheses.^'^ 

Bromoacetonitrile.’® When 200 g.* (1.61 moles) of N-cyanomethyl- 
piperidine is mixed with 171 g. (1.61 moles) of cyanogen bromide, an 
exothermic reaction occurs, accompanied by the formation of a solid. 
After the reaction has subsided, the mixture is allowed to stand over- 
night. Though the reaction is essentially complete at this stage, the 
mixture is heated for a short time on the steam bath. This heating 
removes the greater part of any unreacted cyanogen bromide. Ether is 
added to the cooled reaction mixture, and the solid (quaternary salt 
formed by reaction of 1-cyanomethylpiperidine with bromoaceto- 
nitrile) is removed by filtration. The ether solution is extracted with 
water to remove the last traces of the quaternary salt, the solvent is 
removed, and the residual yellow oil is vacuum distilled. There is 
obtained 135-140 g. (about 70%) of bromoacetonitrile collected over 
the range 50-90°/15 mm., the greater part distilling at 50°. The residual 
N-cyanopiperidine distills at 115°/15 mm. 

The crude bromoacetonitrile is pure enough for most purposes. A 
second distillation gives the pure product, a strongly lachrymatory 
liquid, b.p.46°/13 ram. or 150-151 V752 mm. 

o-Vinylbenzyl Bromide.** Treatment of an ice-cold ether solution of 
o-^ inj Ibenzyldimethylamine with cyanogen bromide causes the pre- 
cipitation of di-(o-vinylbenzyl)dimethylammonium bromide, m.p. 178— 
179 After filtration, the ether solution containing the o-vinylbenzyl 
bromide and dimethylcyanamide is extracted with dilute aqueous acid 
to remote unchanged amine and the water-soluble dimethylcyanamide. 
■After dry ing the ether solution over calcium chloride and removing the 

Yo-k 'iTsT'”' Coll. Vol. II, p. 150, John Wiley & Sons, New 

ernonnts of mMorials nre used, the heat evol\'cd is insufficient to cause 
I .* . ’•) 1 is heated on the steam bath lor two to three hours 
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ether, a colorless oil remains. Distillation gives colorless, analytically 
pure o-vinylbenzyl bromide, b.p. 119-120717 mm., in 50% yield. 

n-Butyl-p-bromoethylcyanamide.^ A solution of 65 g. (0.65 mole) of 
1-n-butylethylenimine in 300 ml. of absolute ether is added during four 
hours with stirring to a solution of 75 g. (0.71 mole) of cyanogen bromide 
in 200 ml. of ether. The heat of reaction is sufficient to maintain gentle 
refluxing of the ether. The mixture is allowed to stand overnight, and 
the clear, pale yellow ether solution is extracted with 100 ml. of 5% 
hydrochloric acid and two 100-ml. portions of water and then dried 
over calcium chloride. Removal of the ether and distillation of the 
residue (131 g.) gives 126 g. (94%) of n-butyl-j0-bromoethylcyanamide 
as a colorless liquid, b.p. 106-10870.6 mm. 

n-Butyl-4-bromopentylcyanamide and n-Butyl-(l-methyl-4-diethyl- 
aminobutyl)cyanamide.® Addition over a four-hour period of a solution 
of 70.5 g. (0.50 mole) of l-n-butyl-2-methylpyrrolidine in 200 ml. of 
benzene to a stirred solution of 58.2 g. (0.55 mole) of cyanogen bromide 
in 200 ml. of benzene gives a clear, pale yellow solution which is allowed 
to stand overnight. The benzene solution is extracted with 100 ml. of 
5% hydrochloric acid and with two 100-mI. portions of water and dried 
over calcium chloride. Removal of the benzene under reduced pressure 
leaves 120 g. of a clear red-bi'own liquid. The theoretical yield of ring- 
opened product is 123 g. 

This crude product (a mixture of isomers) is refluxed for three and 
one-half hours with 292 g. (4.0 moles) of diethylamine. After removal 
of excess diethylamine by distillation, the residue is treated with a 
solution of 50 ml. of concentrated hydrochloric acid in 200 ml. of water. 
The acid-insoluble oil is taken up in 350 ml. of ether and dried over 
calcium chloride. Removal of the ether leaves 32 g. of n-butyl-4-bromo- 
pentylcyanamide as a yellow liquid. 

The hydrochloric acid extract is made strongly basic with potassium 
hydroxide. The oil that separates is taken up in 400 ml. of ether and 
dried over potassium carbonate. Removal of the ether and traces of 
diethylamine leaves 81 g. of a clear red-brown liquid. Distillation of 
41 g. of this crude basic product gives 36 g. of n-butyl-(l-methyl-4-di- 
ethylamino-butyl)cyanamide as a pale yellow oil, b.p. 130-133°/0.7 mm. 

Cyanonorcocaine,'^® Cyanogen bromide (30 g.) is added to a solution 
of 100 g. of cocaine in 200 ml. of chloroform and the mixture refluxed on 
the steam bath for two hours. After removal of the chloroform the solid 
residue is treated with water. From the water solution there is obtained 
8 to 9 g. of crude cocaine methobromide. One recrystallization of the 
water-insoluble solid from ethanol containing a little water gives 62-65 g. 
(60-63%) of pure cyanonorcocaine, m.p. 123-124°. 
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RELATIVE EASE OF CLEAVAGE OF AMINES BY CYANOGEN 
BROMIDE 

No accurate tabulation of the relative lability of the various alkyl 
groups in respect to cleavage from amine nitrogen by cyanogen bromide 
can be constructed on the basis of the experimental work recorded in the 
hterature. 

Table I pro^’ides a general picture of the relative lability of the 
majority of the groups that have been studied. References concerning 
the groups listed in Table I are not included because an intricate system 
of cross references would be required. An amine containing a particular 
alkyl group listed in Table I can be located in Table III where it is 
accompanied by a literature reference. To emphasize the relation 
between some general classes of alkyl groups, the table has been arranged 
in three columns. Column A contains groups of the allyl type, the 
greater number of which have been compared directly with the un- 
substituted allyl group. Column B is similarly arranged on the basis of 
the benzyl group; Column C ndth reference to the methjd group. The 
table is arranged in order of decreasing ease of removal of the group by 
cyanogen bromide. If two groups are widely separated vertically in the 
table, one can be reasonably sure that the group higher in the table will 
be cleaved much more readily than the lower member. 

An evaluation of the relative lability of the rings in various cyclic 
amines can be made with more certainty than the relative lability of the 
alkyl groups mentioned above. By determining the ratio of ring opening 
to dealkylation of a particular cyclic amine as the substituents on the 
nitrogen are varied, a satisfactory estimation of the lability of the ring 
can be obtained. Though no quantitative conclusions are justified, the 
ring systems in Table II can be arranged on the basis of their relative 
lability with reasonable qualitative accuracy. The order of lability 
given is applicable only to the simple ring systems containing no acti- 
vating or deactivating substituents in the ring. For example, a phenyl 
group in the 2 position of tetrahydroquinoline will cause this ring system 
to be more labile than the pyrrolidine ring. A few of the more pertinent 
references dealing with the ring systems listed are included. 
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TABLE I 

Relative Ease op Removal of Alkyl Groups 
(Descending in Order of Decreasing Lability) 

ABC 
Methylene (diamines) 
p-Methoxybenzyl 
[p-Phenyl, p-cyclohexyl, and 
p-xenylbenzyl] * 
p-Ethylbenzyl 
p-Methylbenzyl 

7-Phenylallyl 

y-Ethylallyl 

7-MethylalIyl 

Allyl 

a-Thienyl 

a-Furomethyl 

m-Methyl- and o-phenyl-benzyl 

2-Cyclopentenyl 

[Benzyl and o-, m-, p-fluorobenzyl] 
a-N aphthylmethyl 
[7-n-Amylpropargyl, d-Naphthylmethyl 
propargyl,'and cy- 
clopropylmethyl] 

7-Chloroallyl p-Chlorobenzyl 

7-Bromoallyl p-Bromo- and ?w-chIoro-benzyl 

/3-Chloroallyl p-Iodo- and p-acetamido-benzyl 

i3-Bromoallyl m-Bromo- and 7W-acetami do- 

benzyl 

OT-Iodobenzyl 

o-Chloro- and o-acetamido-benzyl 

o-Bromobenzyl 

o-Iodobenzyl 

p-CyanobenzyJ 
0 - and m-Cyanobenzyl 

0-, 771- and p-Nitrobenzyl Methyl 

[Ethyl, cyanomethyl, 
and carbalkoxy- 
methyl] 

[Cj'-clobutylmethyl 
and 77-prop3'l] 
Phenetli}d 
7 -Phenj’lpropyl 
Isopropyl and 77-butyI 
77-Amj'l and isoamjd 
[Isobutj'l, 77-licx}’l and 
higher homologs] 

Groups within brackets are of equivalent lability. 
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TABLE II 

Relative Ease of Ring Cleavage of Cyclic Amines 
Amines Descending in Order of Decreasing Ease of Cleavage References 



HjC CH 2 

5 

N N 

1 1 

-nQn- 

64 

0- Cd«- CO- 

62,53,61 

1 

51 

g 

1 

5,47,48,85 

9 

3,7 

CO CO CQ 

1 1 N 

58,63 

' 1 

Note: References 85-112 are Usted on p. 262. 

TABULAR SURVEY 


Tables III, IV, and V contain most of the known examples of the 
reaction o tertiary amines with cyanogen bromide involving the reaction 
discussed in this chapter. Particularly vdth respect to the alkaloids, the 
coverage is incomplete since a direct reference to the use of cyanogen 

° lacking. The literature has been covered through the 
year 1950. “ 

Only the major products are listed in the tables. Where yields are 
a aia e ey appear in parentheses next to the product concerned. 

ins ances in which alkaloids were treated with cyanogen 
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bromide, either no structures or incorrect structures of the products were 
reported. Where correct structures are now available, these have been 
given rather than those reported in the reference cited. 

The acyclic amines are covered in Table III, which is divided into the 
following sections: (A) Miscellaneous Aliphatic Amines; (B) Derivatives 
of Allylamine; (C) Derivatives of Benzylamine; (D) Derivatives of Other 
Arylmethylamines; (E) Derivatives of Aromatic Amines. Amines 
containing both the allyl and the benzyl groups are listed under Deriva- 
tives of Allylamine. Aromatic amines that contain the allyl and benzyl 
groups are listed under Derivatives of Aromatic Amines. 

Table IV contains all cyclic amines except the alkaloids. It is divided 
into the following sections: (A) Three- and Four-Membered Rings 
(ethylenimines and azetidines); (B) Five-Membered Rings (pyrrolidines, 
dihydroindoles, and dihydroisoindoles) ; (C) Six- and Seven-Membered 
Rings (including piperidines, tetrahydroquinolines, morpholines, and 
piperazines). Bicyclic amines containing both five- and six-membered 
rings are included in this section. (D) Pyridine-Type Amines. Most of 
the examples in section D involve reactions of pyridines, quinolines, and 
related compounds with cyanogen bromide in which cyanogen bromide is' 
considered to add across the 1,2 double bond to yield a 2-bromo-l-eyano- 
1, 2-dihydro derivative. Occasionally the presence of nuclear substitu- 
ents causes the cyanogen bromide to add 1,4 (see p. 219). 

In Table V are listed most of the alkaloids whose reactions with cyano- 
gen bromide are reported in the literature. Where the course of the 
reaction and the structure of the products are not known, only the 
empirical formulas are given. 

In Table Y and within the various sections of Tables III and IV the 
amines are listed in order of increasing number of carbon atoms. 
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TABLE IV 
Cyclic Amines 

Products 

Amine 

A. Three- and Four-Memhered Rings 
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No(('; Roferenoos $5-112 are listed on p. 262. 

''v\\\H\6or,\We pcilymeriration of the starting material was observed. 
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Products 
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ORGANIC REACTIONS 
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05 






CYANOGEN BROMIDE REACTION 



Note: References 85-112 are listed on p. 262. 
t rile products were poorly characterized. 

§ The primary bromide was isolated as its reaction product with diethylami 
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No dermite products 



CYANOGEN BROMIDE REACTION 
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Note: References 85-112 are listed on p. 262. 



TAnLK IV—Conlinued 
Cvcuc Amincs 
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ORGANIC REACTIONS 



p-CHiC6H,N(CN)(CH5)i.Br 
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Cyclic Ami.s’K3 
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Note: References 85-112 are listed on p. 262. 



TABLIO IV—Cojiltnued 
Cvcr.ic Ami.vks 
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ORGANIC REACTIONS 




CYANOGEN BROMIDE REACTION 


HO 


Amine 
Cs-Cl 6 
CHs 


Rclronccanol 


CHi 



Luplnane 



NCHa 


CO2CH3 

Anhydroecgonine methyl ester 









NCHs 


Hydrohydrastinine 


/ 



HjC 

Hydrocotarmne 

C16H24N2O 

Lupanine 

C16H26N2 

Sparteine 


.NCH3 


CbH.OOO 


COgCHg 

Cocaine 


C17-C20 
C17H20N2O3 
2 ,3-Diketonucidine 



TABLE V 

Alkaloids 


Products 


CN 


iOH 

bH(CH 3 )CH 2 CH 2 Br 


_^(CH 2 ) 4 Br 


N 

CN 

CO2CHS 

/°x/^CH 2 CH 2 N(CN)CH 3 

^CHjBr (ca. 55%) 

0 

+ quaternary aalt (ca. 45%) 


■®Y^CHjCH 2 N(CN)CH 3 

■0'^° 

0 WH3 


II JcH2Br(ca.25%) 


y 

YCHs 

+ quaternary salt 

Ci 6 H 24 Ns 02 Br 


: (two isomers) 


CnHaeNaBrz + CiaHaeNsBr ( 

CeHsCOOb^^^^NCN (oa- 60%) 

COjCHs 

CaHeoNaOaBr (80%) + CaaH.aNaOaBr (7.6%) 

Br 

-CH 2 CH 2 N(CN)CH 3 

_/ 

CHsO 



OCH3 


Tbebalne 


Ncie: Hererencea 85-112 '^^„^„‘S,raud ^ yield>r the product ahowo was 

• Considerable ring cleavage occurreu, 


small. See P- 223. 
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Reference 
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ORGANIC REACTIONS 
table Y—Conlimted 


Amine 


Alkaloids 

Products 


CiT^Cjo (Con 0 

Tetrahydrothebaine 


C 19 H 22 N 2 O 

Cinchonine 

C 19 H 22 N 2 O 

Cinchonidine 



AcelyldihydroSxycodeinone 

C 20 H 21 K 2 O 2 

Q uini ne 

020^24^202 

Quinit^ne 

C 21 

C 21 H 22 N 2 O 2 

Strychrane 

C 21 H 24 N 2 O 

Strychnidine 



C2oH2iKjOBr 


CK 

CHsCO{\ QHz 


CHjO 



C22H2iN402Br2 


C22H24N402Br2 


Addition product of undetermined composition 


C22H2«NiOBr + (C22H24K50Br)2 



Acetyl-/3-methyimorphimethine 


Keferences 85>112 ate listed on p. 262. 
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INTRODUCTION 

The benzyl group and a variety of substituted benzyl groups attached 
to an oxygen atom as in alcohols, ethers, acetals, or esters; to an amino 
nitrogen atom; or to a sulfur atom in thio ethers may be removed as 
toluene, or the correspondingly substituted toluene, by hydrogenolysis. 

ArCHiOH -b -» ArCHs H 2 O 
ArCHaOR -b H 2 — 1 ArCHs "b RCH 
ArCH(OR )2 “b 2 H 2 — > ArCHs -b 2ROH 
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application is the synthesis ot phenylacetic acid from the acetate of 
mandelic acid. 


CeHsCHCOsH + H2 CeKBCHeCOoH + CH3CO2H 

1 

OCOCH3 

It is the purpose of this chapter to give iUustrations of 
debeuzjdations so that the usefulness of the reactions may be ^ett ^ 
appreciated and their applications extended. Since most desc p 
of dehenzylations in the literature are subordinated to other a p 
the studies in which they are reported, it is certain that ^ot ah 0 
examples of the reaction have been found and discussed in the - 
listed in the tables. 


SCOPE ANB LIMITATIONS 

Substituents may be present in the methylene side cham or m the 
nucleus of the benzyl group. The effects of the various substituents, m 
either the methylene or the phenyl group, are best considered under 
various types of dehenzylations as discussed in the following subsec ion 
removal of the benzyl attached to oxj^gen, to nitrogen, or to su ur. 

Tlie role of the benzyl group may also be taken by the benzhy rj 
or the triphenylmethyl group. 

RNHCHfCtHs): RNH: + CH2(C6 Hb)2 


CH;OC(CeH3)3 


CH2OH 


CHsCOiCH 

1 

CHjCOnCH 

1 

HCOCOCH3 

i 

HCOCOCH3 

1 

CH:OC(CcH 6)3 


CHjCOeCH 


CHjCOeCH 


+ 2CH(C6Hb)3 


HCOCOCH3 

1 

HCOCOCH3 


CH2OH 


llydrogenolysis may be accomplished by either chemical or catalytic 
mcan.«. Palladium seems to be the favored catalyst, but platinum, 
nickel, and copper chromium oxide have also been used successfullj . 
No study of their relative merits has appeared. Chemical debenzjla 
tions have been effected by Raney nickel alloy, sodium amalgam, sodium 
in liquiil ammonia, and lithium aluminum hydride. 


r.r.l Uulfjy. J. An. Ch>~i. Soc.. 6G. 747 (1944). 
“ G5, 2G2 (1932). 
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hydrogenolysis of benzyl groups 

Cleavage of the Ben2yl-0xygen Bond 

Alcohols, aldehydes, and S^^edJce?^ Nu- 

Benzyl alcohol is rapidly , similarly. p-Methoxybenzyl 

clear-substituted benzyl ® with palladium on charcoal 

alcohol in ethanohc solution o coUoidal platinum, 

forms p-methylanisole, an furnishes o-tolylglucoside. 

platinum black, or palladium blacK lu ^ . 

p-CH3OCeH.CH.OH 4 - H. -> p-CH30CeH.CH3 + H.O 

annamyl alcohol, a viny.o. f 

and palladium-carbon by analogy with information on 

3 -phenyl-l-propanol. P products result from competing 

nuclear hydrogenation, hvdroeenation of the ethylemc bond 

and not from successive ^ ‘nnamvlation” by hydrogenolysis, fol- 

to furnish the alcohol ““tr^o furnish propylbensene. 

lowed by reduction of the double □ 

C6H6CH2CH2CH2OH 

/ 

CeHeCH^CHCH.OH 

^ (CeH 5 CH=CHCH 3 ) CeHeCH.CH.CH, 

J • tViP a Dosition likewise undergo hydro- 

Benzyl alcohols substituted to propylbenzene,^" 1-phenyl- 

genolysis. i_phenylethane-l,2-diol yields phenet y 

1-ethanol forms ethylbenzene, ^ P- , 1 diphenylmethane. 

alcohol, and diphenylcarbino is ArCHO may be reduced to the 

Since aldehydes of the general formula^ 

corresponding benzyl benzyl’ alcohols, ArCHROH it is 

structure ArCOR form «-substitutrf reduced 

to be expected that many a ^ aibylbenzenes without the 

directly to the correspon mg expectation is realize m 

isolation of the intermediate alcohok at 

practice.'^'“’^^'^’ Many aldehydes a ^j^j,j.3sponding hydrocarbons 

room temperature and i°''' or copper chromium oxide cata- 
with hydrogen and palladium-carbon or copp 

« Baltzly and Buck. J. (1928) [C- 23> 393 (1929)1. 

” Kariyone and Kondo, . 1633 (1934). 

« Richtmyer, J. " cLm. Soc.. 67, 147 (1935). 

u.„! ss .s. .VI (.««> IP. -■ "• -• 

« Hartung and Smith, J. 
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lysts (Table III). Similar results may be accomplished by using Raney 

nickel-aluminum alloy and alkali.^^ i +v.a miho 

If the aryl alkyl ketone contains a phenolic hydroxyl m 
position, reduction to the hydrocarbon derivative does not take P ^ . 
o-Hydroxypropiophenone is not reduced by palladium-carbon c Y . 
and the 4-acylresorcinols are not reduced to the correspon g ^ 
resorcinols by either palladium or Raney nickel.^^ For sue re uc 
the Clemmensen “ or the Wolg-Kishner « reactions must be useO. ^ 
complete substitution in the a position of the aryl alkyl ketone 
hydrogenolysis. Pivalophenone, CeHsCOC (0113)3, is smoo ^ ^ 
quantitatively reduced to the carbinol but not to the hy 
The same behavior may he expected from other aryl f-alky ® 

The hydrochlorides of aryl a-aminoalkyl ketones, ArCOCHR ^ 3 ’ 
are reduced only to the amino alcohol ■when palladium catalyst is em 
ployed; however, if the amino ketone or the amino alcohol is y 
gena'ted in acetic acid at 80-90° ■with palladium on barium sulfate in 
presence of perchloric acid, excellent yields of the desoxy compoun are 
obtained.^’ It is suggested that in the presence of perchloric aci ® 
reduction proceeds through the acetic acid ester of the amino alco 0 . 


ArCOCHRNHsCl 

HjlPd ArCHzCHRNHsCl 

■*■ / CHsCOjH 

ArCHOHCHRNHjCl 

An extension of the development described in the preceding paragraph 
is the reduction in one step, by means of palladium catalyst in acetic 
acid-perchloric acid solution, of a-oximino ketones to the corresponding 
amines.^’ The reduction of benzaldehyde cyanohydrin to phenethy 

ArCOC(R)=NOH ArCHzCHRNHz 

amine does not require the presence of acetic or perchloric acid but 
proceeds in ethanolic hydrogen chloride solution.^® 

The reduction of esters of aromatic acids to the corresponding hy- 
drocarbons by means of copper chromium oxide occurs by "virtue of the 

ArCOiCiHs + 3H2 ArCH, + C2H6OH -f H2O 

fact that these esters are first reduced to the aromatic alcohols, and the 
alcohol then undergoes hydrogenolysis. Ethyl benzoate, for examplO; 
reduced "(idth copper chromium oxide in methanolic solution at 300 atm. 

Papa. Schwenk. and ■Whitman, J. Org. Chem., 7, 587 (1942). 

= Martin, in Adams, Organic RtacOom, Vol. I, p. 165, John 'Wiley & Sons, 1942. 

^ Todd, in Adams, Organic Reactions, Vol. IV, p. 378, John Wiley & Sons, 1948. 

^ Rosenmund and Karg, Bcr., 76. 1850 (1942). 

= Hartung, J. Am. Chem. Sac., 60, 3370 (1928). 

=> Laiier, "D. S. pat. 2,079,414 [C. A., 31, 4340 (1937)]. 


% . 
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and 125-175° is converted to benzyl alcohol.®" If the temperature is 
increased to 200-250°, the products of the reaction are toluene, ethanol, 
and water.®^ 

The ability of lithium aluminum hydride to effect hydrogenolysis of 
benzyl alcohols bearing an amino substituent in the ortho or para position 
is a recent discovery.®® Since this reducing agent converts esters, 
aldehydes, or ketones to carbinols,®®” it is seen that appropriately 
substituted intermediates may be converted directly to the corresponding 
toluidines. Illustrative of this reaction are the conversion of methyl 
anthranilate to o-toluidine (39%), o-aminobenzyl alcohol to o-toluidine 
(53%), p-aminobenzoic acid to p-toluidine (47%), p-dimethylamino- 
benzaldehyde to N,N-dimethyl-p-toluidine (78%), and p-aminobenzo- 
phenone to p-aminodiphenylmethane (57%). 

Ethers (Table V). Hydrogenolysis of benzyl ethers proceeds smoothly, 
and the yields of products are generally good. Nickel or platinum 
catalysts may be used, but palladium is preferred if hydrogenation of the 
nucleus is to be avoided. 

Benzyl alkyl ethers are quantitatively reduced to toluene and the 
corresponding alcohol by palladium or by Raney nickel.*® Benzyl 
phenyl ether is converted into toluene and phenol when palladium- 
charcoal catalyst is used; ** but with Raney nickel as catalyst at 100° 
and 150-200 atm. toluene and both phenol and cyclohexanol are formed.*® 

The hydrogenolyses described in the preceding section, where the 
benzyl group is retained in the product desired, have their parallel in 
certain oxygen heterocycles containing an a-phenyl substituent, for 
example, the conversion of 2-phenyltetrahydropyran into 5-phenyl- 
1-pentanol and of phenyldioxane into phenethyl /3-hydroxyethyl ether.®® 
CHa 

/ \ 

HaC CHa 

I I CsHsCCHaleOH 

HaC CHCeHs 

\ / 

0 

0 

/ \ 

HaC CHa 

1 1 CsHtCHaCHaOCHaCHaOH 

HaC CHCeHc 

\ / 

O 

Mozingo and Folkers, J. Am, Chem. Soc.t 70, 229 (1948). 

Adkins, Reactions of Hydrogen, pp. 97-104, University of Wisconsin Press, 1937. 

^ Conover and Tarbell, J, Am. Chem. Soc., 72, 35S6 (1950), 

^ Brown, in Adams, Organic ReactioTis, Vol. VX, p. 469. John Wiley & Sons. 1951. 

Baker, Cornell, and Cron, *7. Am. Chem, Sqc., 70, 1490 (1948), 
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The principal application of the hydrogenolysis of benzyl ethers is in 
removing a benzyl group introduced earlier in order to protec a 
droxjd group during a series of reactions. For example, l-(3-me o^’ 
4 -benzyloxyphenyl)- 2 -acetaminopropanol (I) may be cychzM o 
isoquinoline derivative II and the benzyl group then reinoved ^ ^ ° 
genolysis to liberate the hydroxjd group in the 7 position o t e iso 

quinoline III.®' 6,7-Dihydroxy-l-(3',4'-methylenedioxybenzyl)isoquino- 

line (IV) may be prepared in an analogous manner.®® 


CHOH 

CeHaCHaOki ^NH 
CO 

in. 


CH3O 


C.H.CH.O 



CHjOr^ 

f^CHa 

CeH^CHaOr 

Hok^ 


CcHaCH^O^ 


CH3 



III 


CHOH 





For the preparation of 3-(7-hydroxy-n-heptyl)veratrole (V) the Gri- 
pnard reagent from G-benzylox\'-l-bromohexane was allowed to react 
with 2,3-<iimcthoxybenzaldehyde to form a carbinol, which was de- 
hydrated; reduction of the unsaturated intermediate in acetic acid solu- 
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tion palladium black saturated the double bond and simultaneously 
removed the benzyl groupd 

(l + BrMgCCHaleOCHjCsHs [j J0CH3 

'\^0GR3 CHOHlCHaleOCHaCeHB 

CHO 

P)OCH. J!, 

SCcH(OH,,.OCHrC,H. CH,(CHd.OH 

The benzyloximino group^ may be 

because of the ease which the piotec^^ converted into 

removed by hydrogenolysis^ a- 0-ethers, the alkyloximino 

their corresponding acid be converted in good yields 

acids, are conveniently available and can ^ conv methods” The 

into the corresponding acid ch on es f^j-m amides 

a-benzyloximino acid cWori ss and the acid chloride will 

synthesis of a tripeptide.®® 


peptine.” 

NH aCHiCONHCHiiCOtH jj^qqoNHCH2CONHCH2C02H 

_ II 


NOCH 2 C 6 H 5 

VII 

HaiPd 

RCH(NH2)C0NHCH2C0NHCH2C02H 


RCCOCl 
NOCH2C6H6 

jNHiCHR'COzH 

RCC0NHCHR'C02H 

Ij 

NOCH2C6HB 

VI 

miPd 

KOH(NHdCONHCHa'CO.H bensaldchyde 

Acetals (Table VI)- which the acetal was formed.^®-^'’ 

furnishes toluene and the alcohol from wn 

Hi ^ y-r /-’TT. 4- 2ROH 


C6H6CH(0R)2 ^ CeHsCHs + 2ROH 

J Qrg. Chem., S, 73 (1943). 

“ Wasserman and Dawson J. ^gg ( 1947 ). 

Waters and Hartung, • olg.CuZ, 15.741 (1950) 


3S 


• Waters and Hartung. ^ ^ 15.741 (1950). -u • i c ■ * 

MVeaver and Hartung. J-Org. "-^Meeting. American Chemical Society, 6 ep- 
® Kramer. Hartung. and Hager, 
tcmber 1950. - 


mber 1950. n929). 

*” Sigmund, Monatsh., 63 54, 
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The reaction is useful for the preparation of otherwise inaccessib e es 
of certain polyhydroxy conapounds, for example, the | 3 -monoglyceri es^ 
Glycerol and benzaldehyde form the 1,3-diacetal, leaving the ^ 

alcoholic group available for esterification; hydrogenolysis of t e 
group affords toluene and the /3-glyceride. The benzaldehyde ace a s o 


OCH2 
/ \ 

CeHsCH CHOH 

\ / 

OCH2 


CH2OH 


OCH2 

CeHeCH '^CHOCOR ^ CeHsCHs + CHOCOR 

\ / 

OCH2 


CH2OH 


sugars undergo similar hydrogenolyses. Benzal-a-methylglucoside wi 
hydrogen in the presence of platinum sponge forms toluene and a-met y 
glucoside.''^ 


H-C-OCH3 
H-C-OH 

HO-i-H 0 + CgHjCHa 

H-C-OH I 
•I 

H-C ' 

CHgOH 

Benzaldehyde diacetate has been reduced to toluene and acetic acid. 
No practical applications of this type of hydrogenolysis have been 
reported. 

Esters (Tables VII and VIII). Esters of benzyl alcohol are reduced 
practically quantitatively to toluene and the acid from which the ester 
is formed.’’’ The reduction of the acetates of mandelic acid and its 
nuclear-substituted derivatives to the corresponding arylacetic acids, 
by means of palladium on barium sulfate and hydrogen, illustrates the 
type of hydrogenolysis in which the product of interest retains the benzyl 
group." 

ArCHCOjH ArCHjCOiH CH3CO2H 
OCOCH3 



HO-C-H 


CHCeHs 


Hydrogenolyses of benzyl esters have also found important use in 
SAiTithcscs in which benzyl groups are employed to protect carboxyl 
groups and hence are not retained in the final products. Alkaline hy- 
drolysis of an acylatcd malonic ester such as RC 0 CR'(C 02 C 2 H 5)2 does 

'_nf7KTnann and Carter. Z. phytiol. Chem.. 191. 211 (1030). 

1 reudenlvTK, Toepfer. and .Vnderaon, Ber., 61. 1750 (1928). 

Uorenmund and Schindler. Arch. Phnrm.. 266. 2S1 (192S). 
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not lead to the corresponding mal^ 

lyzed more rapidly than the es g palladium-charcoal; decar- 

submit smoothly to hydrogen y j^etone ^ This method has 

boxylation of the malomc acid affords the ketone. 


R' 


RCOCCO2CH2C6H5 
CO2CH2C6H6 


H2 

Pd 


R' 

RCOCCO2H 
CO2H 


RCOCH2R' + 2CO2 


heen enrp.o.ed tor the ejnthe.e 

acid, 8 -heptadecanone, 14 y 3 .^ethoxybenzoylpropiomc acid, 
l-ol, of esters by hydrogenolysis 

A most attractive use of the Pfoenzy -o._gpjaim and Zervas,«’« 

is the carbobenzyloxy ’ .^J^lj^age. Carbobenzyloxy chloride, 

for the S3mthesis of the pep _ benzyl carbamate, 

C.H,CH;oCOCI, reacta “ T ^ /this product 

CsHsCHjOCONHCHRCOjH; the ^ f/ctiol which by reaction 

may be converted into an ac^ vields the intermediate for a 

with another molecule of ammo aci y carbamic acid which 

dipeptide. Hydrogenolysis forms toluene and a 

C.H.CH,OCONHCHEOOtH -r C.H.OH.OCONHCHECOa ► 

C6H5CH20CONHCHRCONHCHR'C02H 

NHjCHRCONHCHR'COjH -t- CeHsCHs + CO2 

unn dioxide thus liberating the amino group 
spontaneously loses carb ^ ^ The hy- 

which was protected dun g hydrogen, and the yields 

drogenolysis is offr^^Z/fcatboxyl group of the dipeptide derivative 
are generaUy good. IM iree ^ and so on, 

may, via its acid chloride, be P thesis." An indication of the 

debenzylating only at the en applied is shoivn in Table VIII. 

extent to which this reactiw prepared from amino acids and 

The p-bromobenzyl j^^er melting points and crystal- 

p-bromocarbobenzyloxy ch on , , carbamates. The p-bromo 

Ihe better than the --P”" 

The acid hydrolysis and HOjCCHjCHjCOCHiCOzH has been earned 

CCHjCHiCOCHCCOjCjHsh to j Soe., 1950, 2223. 

out by Eisner, El-^dge, an 

“Bowman, J. Chem. S •» 1192 (1932). 

“ Bergmann and Zervas. B .. (1932). 

*' Bergmann and ZervM, Soc., 65, 951 (1944). 

0 Barkdoll and Ross, J- Am. 
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derivatives undergo hydrogenolysis in the snine manner as do tiie un 
halogenated carbamates.'"'" 

Because of the mild conditions under which benzyl carbaina es 
respond to hydrogenolysis, certain derivatives lend themselves vc or 
the recovery of pure isomers from a mixture of diastcreoisomeric car 
bamates, thus avoiding the risk of Walden inversion or other chcmica 
reactions which may accompany chemical dcacylations. Uns is i us 
trated by the separation of the two racemic forms of norephedrine by " aj 
of their carbobenzyloxy derivatives.'*® (+, — )-Nor-\l'-ephedrine forms a 
urethane in which the amide group migrates quantitatively from the ni 
trogen to the oxygen atom, thus permitting ea.sy separation of N-cai lo- 
benzyloxy-(+, — )-norephedrine from 0-carbobenzyloxy-(+ , — )-nor-i/' 
ephedrine. Hydrogenolysis of each derivative regenerates the cm re- 
sponding racemate. 

CeHsCHOHCHCH, 


NH2 

( + , — )-Nor->;*ephcdnne| ( + >*Norcphetlnne 

r 


CsHsCHOHCHCHa 

1 

NHCO2CH2CCH5 

m.p. 83^ 

CsHbCHCHCHs 

1 1 

NH3+ 

OCO2CH2C6HB 

iHj 

CeHBCHOHCHCHj 

1 

NH2 

C ■+■»“') -N or-i/-ephedrine 


i 


CeHtCHOHCHCIH 

NHCO2CH2C6H1, 

m.p. 103° 

CbHbCHOHCHCHs 

I 

NH2 

(+, — )-Norephednne 


The caibobenzyloxy method promises to be useful for the synthesis of 
ammoalkylmalonic acids, NH2CR(C02H)2. Aminomalonic ester, first 
converted into its carbobenzyloxy derivative, can be alkylated; the 
et y ester groups may be removed by milder hydrolysis than the benzyl 
ester, thus forming a carbobenzyloxyaminoalkylmalonic acid (VIII) ; the 


48 '"''d Young, Nature, 
Fodor and Kiss, Nature, 163, 287 (1949). 


1S7, 487 (1951). 
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mild conditions of the hydrogenolytic reaction permit reduction of the 
malonic acid or its salt.^® 

Alkylation 

C6H6CH20C0NHCH(C02C2H6)2 

R 

ij I 

. Mild alkaline | jjj 

C.H.CH.OCOKHi(CO.CrH.h C.H.OH,OCONHC(CO.H,, 

R 

NH2C(C02H)2 + CeHhCHa -h CO2 

The'carbobenzyloxy group can also be removed by chemical means. 
CalbenzyloxyJ-alanine, treated -ith sodium m liquid ammonia, is 
converted into ^-alanine and 1,2-diphenylethane. 

2C6HBCH2OCONHCH2CH2CO2H 

2NH2GH2CH2CO2H + C6H5CH2CH2C0H5 + 2CO2 

f ticid ai'C employcd to admirable 

The benzyl esters 0 P Ugsp^orylated amines and alcohols, 
advantage in the synthesis of phosphoryiaie 
The genLl equations may be summarised as follows. 

1. C.H.CS.OH (C.H.CH.O),POH ^ (C.^CHiOliPOCl 

2. (C.H.CHiO),POCl ^ (C.H.CHiO).PONE.^^> EiNPO.ir.. 

3. (C.H.CHsO).PO01 1!^ (C.H.CH1OHPOOR ^ E0P0.1I, 

TKemildconditionsunder^^^ 

the synthesis of phosp y difficulty or by ambiguous procedures, 

heretofore could be obtained vithaimcu > 

Cleavage of Bensyl-Hitrogen Bonds 

rrm tV-YVI Benzjdamine, unlike benzyl alcohol, does 
Amines (Tab es lA. . jg With palladium oxide or with 

not readily undergo hy S observed, and with nickel and 

palladium-charcoal " no reducwo 

. TT ! .,.railv of North Cnrohna. 19o0. 

*’ Beaujon, M.S. thesis, n' C'/if'a-. 

M Sifford and du '''‘Bncaud. y. B ^ _ 1945, 332. GOO. 

Atherton. Openshaw. and o ’ ‘ 4947, 07.1. 

Atherton nnd Todd. . ^ ^Arni. Soc.. 19' 


Svl ^ vvee 

-■> Atherton nnd Todd. ^J^chcni'.’soc.. 1918. HOG. 

s-c Atherton, Ho^vnrd, n.nd ^ «'ncl Todd. J- Chrm. Soc„ 1949, Sir>. 
SbJ Bfiddiley, Clark, 5(,c.. 1919. SITG, 21S7. 


SbJ Bfiddiley, Clark. Michalski. ^^49, 0475, 21S7. 

ii* Michelson and Todd, J. oters of phosphoric 

•The first cample of ‘"l 7 (1030). 

Zervas. .Va;nru-tJ5fnsf)m/(<-n. 2 ■ ' 

«> Birkofer. Brr.. 75.420 (10 1-)- 
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hydrogen at high temperatures the hydrogenolysis was slight.'' 
ary amines containing one benzyl and one alkyl group also appear n 
undergo hydrogenolysis; in fact, one general method for ^ 

benzylamines of this type is the catalytic hydrogenation of the mte 
diate Schiff bases.^'- The following secondary amines "’ere also lo 
to be resistant to debenzylation; CgH 5CH2NH(CH2)3CO 3 a 
C6H6CH2NH(CH2)3CH(CH3)NH2. The latter, however, after con- 
version to the dimethylamino derivative with formaldehyde 
acid did cleave at the benzyl-nitrogen bond to form NH2(CH2)3 
(CH3)N(CH3)2.*' The heterocyclic compounds IX and X were staD^ 
as hydrochlorides, but the free base IX underwent hydrogenolysis. 



— rCHsCHsNHCHiCeHB 

JcHs 


N 

H 


JlcHOHCHiNHCHzCeHs 


IX 


X 


Certain secondary amines containing a benzyl group and an alkyl group 
which itself carries a non-hydrocarbon substitutent do undergo ae- 
benzjdation to jdeld the corresponding primary amine; e.g., 

C6H6CH2NHCH2CH2CO2H « C6H6CH2NHCH(CH3)CH20H " 

C6H6CH2NHCHCO2H " CHsCCHslsCHfNHCHiCeHslCHzOH 

C6H5CH2NHCHCO2H 

Secondary amines containing an aryl and a benzyl group are readily 
reduced to toluene and the primary aromatic amines.^''^’^' 

Dibenzylamine is resistant to hydrogenolysis; it can in fact be pre- 
pared in 97% yield by the reduction of tribenzylamine with palladium 
oxide. However, dibenzylamines in which one benzyl group is substi- 
tuted in the aromatic nucleus are amenable to hydrogenolysis, the 
unsubstituted benzyl group being removed.'® By means of competitive 
debenzylation studies (Table XII) of a series of 4,4'-disubstituted 

“Buck and Baltzly, J. Am. Chem. Soc., 63, 1964 (1941). 

^ Emerson, in Adams, Orsanic Reactions, Vol. IV, p. 174, John Wiloy & Sons, 1948. 

Eisleb and Ehrhart. Get. pat. 550.762 {Chem. Zentr., 1932 II, 615). 

^Burger and Deinet, J. Am. Chem. Soc., 67, 566 (1945). 

Mattocks and Hartung, J. Am. Chem. Soc., 68, 2108 (1946). 

Chemische Fabrik vorm. Sandoz, Fr. pat. 844,225 [C. A., 34, 7296 (1940)]: Feycr. 

U. S. pat. 2,243,977 [C. A., 35, 5508 (1941)]. 

« Wenner, U. S. pat. 2,389,099 [C. A., 40. 1539 (1946)]. 

biiemann and Redemann, J. Am. Chem. Soc., 68, 1932 (1946). 
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OH 



OH 

%CH2N(CH3)2 H2 



CHiO 

(CH,hNH (CH3)2NH2C'i 

OH OH 

OH 

+ 2(CH3)2NH 

OH 

Quaternary Ammonium Compounds (Table XV). Little attention 
has been given to the hydrogenolysis of quaternary benzylammomum 
compounds. Tribenzylmethylammonium hydroxide reduced 
palladium oxide furnishes toluene and benzylmethylamine.^* Benzy 
phenyldimethylammonium chloride under similar conditions lOi 
cyclohexyldimethjdamine,^' an unusual instance of the reduction o 
benzene nucleus with a palladium catalyst. 

Chemical hydrogenolysis of quaternary ammonium compounds las 
received more study, which chronologically preceded all the work on t e 
catalytic methods. Emde,^ by means of sodium amalgam, reduce 
ciimamyltrimethylammonium chloride to trimethylamine and propeny - 
benzene. He found this to be a reaction characteristic for quaternary 
ammonium compounds containing the cinnamyl radical. The corre 


IC6H6CH=CHCH2N(CH3)31X > 

Na’Hg 

C6H6CH=CHCH3 + (CHslsN + 

spending saturated compounds, [C6H5CH2CH2CH2N(CH3)3lX and 
IC6H5CHC1CH0HCH2N(CH3)3]X, are stable under the same con- 
ditions. If the quaternary ammonium salt contains two cinnamyl 
groups, the products of the reaction are propenylbenzene and a cinnamjd- 
dialkylamine, which is stable until it is quatemized. 

Benzyltrimethylammonium chloride furnishes toluene and trimethyl- 
amine, but allyltrimethylammonium chloride and hydroxide are not 

[CeHsCHiN(CH3)3]Cl -» CsHbCHs + (CHjIjN + NaCl 

affected by sodium amalgam. Dibenzyldimethylammonium chloride 
orms toluene and benzyldimethylamine.^' ^ Cinnamylbenzyldimethyl- 
ammonium chloride furnishes propenylbenzene and benzyldimethj 1- 
amine, indicating that the cinnamyl-nitrogen bond is more easily 
c ea\ed under these conditions than is the benzyl-nitrogen bond.® 
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CH3 

1 

CeH6CH==CHCH2— N— CHjCeHB Cl 
CH3 

C6HbCH=CHCH 3 + C3H3CH2N(CH3)2 + NaCl 

1 rnintpmarv anunonium compounds has 

Hydrogenolytic by the following 

been used in the synthesis of methyipropy 

sequence of reactions.® 

(CsHbOHjIsN [(CbHbCHsIsNCHsII 

Nal + CbHbCHb + (C6HbCH2)2NCH3 

CH3 


CH2=CHCH2l 


(C6H6CH2)2N^ 


/ 


'cH2CH=CH2 
CH3 


H2 ^ 
Na-Hg 


Nal + CbHbCHj + CbHbCHjN 


/ 

\ 


CHSCH2CH2I 


CH2CH=CH2 


CH3 

C6HbCH 2— i— cH2CH=ch2 
CH2CH2CH3 


Na-Hg 


CH3CH2CH2 


\ 


CH2=CHCH: 


/ 


NCHs + CeHsCHs + Nal 


1 „ In tVip reductive degradation of aUo- 

An analogous reaction takes p ac^ niethyltetrahydrocr3-pto- 

cryptopine methosulfate t- > conversion of hunnemanine 0-e J 

ptaf (ill. R - CH3), • ,e„„l,y<lromcthylh.mnemr.n,n. 

ether methosulfate V> 

0-ethyl ether (XII, R 2 ^ ^ 

«Mau.ko. Marion, and Ledingham.^. A ■ 
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aUo-Cryptopine, R = CH3 
Hunnemanine 0 -ethyl ether, R = C2H6 


Simultaneous Cleavage of Benzyl-Oxygen and Benzyl-Nitrogen Bon s 
(Table XIV). The simultaneous removal of benzyl groups attache 
oxygen and to nitrogen offers nothing new in principle. Examp es 
these reactions are shown in Table XIV. 


Cleavage of Benzyl-Sulfur Bonds 


Debenzylation of benzyl thio ethers presents special problems. ^ 
sulfhydryl group in the product is likely to poison the ordinary catalys s 
and, hence, the usual cataljdic procedures are not applicable. 

“sulf active” catalysts are employed in hydrogenol 3 'tic reactions, 
but their use is not restricted to the removal of benzyl groups. Raney 
nickel as usuallj'' prepared contains appreciable amounts of hydrogen 
and udll not only spht thio ethers but will remove a sulfur atom, an 
such desulfurization is not limited to benzyl thio ethers.®®’®® Catalytic 
procedures limited to the hj'’drogenolysis of benzjd-sulfur linkages have 
not been described. 

Chemical methods, however, are available for S-debenzylation. They 
are extensions of the chemical methods used for removing the carbo 
benzyloxy group described on p. 275. Sodium in hquid ammonia reacts 
with carbobenzyloxycysteine to remove the carbobenzyloxy group and 
does not affect the sulfhydryl group. In these experiments the cysteine 
was not isolated but was oxidized to cj’^stine, which was isolated in 
almost quantitative yield. When S-benzylcysteine was treated vith 
sodium in liquid ammonia, debenzylation took place; the debenzylated 
product was oxidized, and cystine was isolated in a yield of 80%. The 
\ group appears not as toluene but as bibenzyl. Similar procedures 


SiEtiaigo U. S. pat. 2.402.6S6 [C. A., 40, 5766 (1946)]. 

Lazier, Peppel, and Signaigo, J. Am. Chem. Soc., 


u 


Bougaull, Cattelam, and Chabrier. Comp(. rend., 208, 657 (1939). 
ozingo. Wolf, Harris, and Folkers, J. Am. Chem. Soc., 65, 1013 (1943). 
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Na 

C6H6CH2SCH2CH(NH2)C02H 

liquid NHs 

C.H.CH,CH,C.H, + HSCH,CH(Na)CO,H 

i02 

SCH2CH(NH2)C02H 

SCH2CH(NH2)C02H 


.sed fo. the 


have been 

nine and tetradeuterocystine, 


expeeimeotai, conditions and catalysts 

VariouB palladium catalysts ^ 5 ''tm°sz and Putnocky; " 

black is prepared according to t ® ,2 platinic oxide by Adams, 

platinum black is described by ^^nd Adkins.’^ Workers 

Voorhees, and Shriner; Raney nic e reminded that there 

experienced with catalytic proce ures 11 catalysts, especially 

are many modifications in the me ° ® ^ there are still some im- 

those derived from the noble metals, and that 

ponderables in the process. „_r;pd out in the standard appa- 

Catalytic reductions are usua y ® course of hydrogenolysis 

ratus,” and in the absence of si e .pj^c choice of solvents is 

parallels the drop in pressure ot fty J assayed, but 

large. The effects of higher ,„d platinum no high 

generally it may be said tha is usually adequate, 

pressures are required and room 

experimental procedures 

,n T mirrohvdrogenation apparatus 

o-Tolylglucoside from SaUcin. “ containing a trace of hydro- 

is placed 0.25 g. of salicin m 25 juj- palladium black arc 

chloric acid; 0.05 g. each of one mole is taken up, m 

added. Absorption of hydrogen. tops 

:.srz “rs: 

« Carter, Stevens, and Ney. 

”> Mozingo, Org. Syntheses, . (1919). 

Tausz and Putnocky, ’ ,r » t ri<)41^ 

’^Feulgen. Ber.. 64. 360 (1921). , Cotl. VoL. h 463 (1941). 

« Ada^, Voorhees. and Shnner Orff ^ ^Ijg (1932) 

- Covert and Adkins, Eol- 

” Adams and Voorhees, 5„(... 62. 3359 (1930). 

” Hyde and Scherp, J ■ ^ 
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are ta combined with the organic layer and dried; the 

moved at reduced pressure and the residue fractionated m vacuum the 

p-dimethylaminotoluene distUs at 77-7976-5 mm. and weighs 10.5 g. 

^^^/Lnodiphenylmethane from ^-AminobenzophenoneJB In a ^ 

Soxhlet flask is placed 136 ml. of 1.2 M lithium 

diethyl ether (7 equivalents per mole of ketone), diluted with • 

each of benzene and dibutyl ether. The contents of the flas are ea e 
to boiling (80°), and then a Soxhlet extraction apparatus is moun 

the flask, the thimble of the apparatus being charged with 13.8 g. (. . 
mole) of p-aminobenzophenone. Vigorous refluxing at 80 is maintaine 
for one hour The reaction mixture is cooled and carefully hydrolyzed 
with 200 ml.‘ of 5% sodium hydroxide solution. The organk ^ase i^s 
separated, and the aqueous suspension is extracted with flve 200 -ml. por- 
tions of diethyl ether. The combined extracts, with the orgamc layer, 
are freed from solvents at reduced pressure. The residual viscous red oi 
is extracted repeatedly mth hexane to yield 7.3 g. (57%) of a yellow ml 
which crystallizes on cooling ^vlth acetone and solid carbon dioxide. 
After dndna the p-aminodiphenylmethane melts at 34-35°. 

The residue from the hexane extractions is a dark gum which, after 
tom benzene, yield. i- (15%) of cn.de p-aminobem. 
hydrol mp 108-112°; on repeated crystallization from water the 

.rams of 

u 1 u-rao Lvdrochloride is suspended m water and shaken m 
benzylmorp ^ ^ paUadium-charcoal catalyst. Two moles of 

• ^1 1 PTIP and dihydromorphine, the latter being recovered in 

isolated toluene and the water. 

quantitative yield by vola -rpti/vI Ether Tr, t- 

er 1 ca Tiiitunol from n-Butyl Benzyl n-mer. in a copper liner 
Toluene and „.bntyl bencyl efter and L g. of 

M7o:e7d otSf bonrs U3% of tbe etbec ba, been connected 10 

"'^7^7prlol tom 

(0.056 mok) of 2-PBo"y'““ 50 % percbloric acid; loo mg ofpal- 

acid solution containmg ■ / jjgd and the mixture is i j 
ladium-charcoal Reduction is complete in^hirU- 

the ordinary apparatus a the filtrate is pourea , . 

five minutes. The catalyst .s ''“”7,.,.pc„,anol is 4," ‘"B? J 

sodium hydroxide solution, and 5-phou)l 
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ether or with tetrachloroethane and distilled, b.p. 142 148 /lO nun ; 
yield 72%. _ , 

(+,— )-Phenylalanylglycme from p-Phenyl-a-benzyloximmopropi 
nylglycine.^ Four grams (0.0123 mole) of jS-phenyl-a-benzyloxirnino 
propionylglycine is dissolved in a solution of 150 ml. of water and 2. m • 
of concentrated ammonium hydroxide. The hydrogenation is carrie 
out at 3 atm., using 3.5 g. of palladium catalyst (10%), and requires 
about two hours. The catalyst is then removed, and the filtrate is 
orated to dryness at reduced pressure and over a steam bath. ® 
residue is triturated with methanol and washed wdth ether. The pro 
uct, which is the dihydrate, weighs 2.4 g. (87%). It may be complete y 
dried over phosphorus pentoxide to furnish (+, — 


glycine, m.p. 273-275° (dec). 

3-Glyceraldehyde Phosphate from Benzylcycloacetalglyceraldehy 6 

Phosphate.’® In an apparatus which assures an atmosphere of pure 
hydrogen is placed 0.6 g. of palladium catalyst and 10 ml. of acetic aci 
which has been distilled from chromic acid. In a special bulb is place 
1.3 g. of pure benzylcycloacetalglyceraldehyde phosphate. The appa- 
ratus is shaken to saturate the catalyst; then the special bulb is inverted 
to add the substrate to the reaction mixture and shaking is resume 
Hydrogenolysis is complete in thirty to forty minutes at room tempera 
ture. The hydrogen in the apparatus is replaced by air, the mixture is 
removed and filtered, and the filtrate is concentrated at 30° at reduce 
pressure. The residue is washed on the centrifuge with one 4-ml. an 
with two 2-ml. portions of water; the undissolved substance is unchange 
starting material. The combined aqueous washings are again con 
centrated at 30° to a syrup; final desiccation is achieved at 0.05 mm. 
The product is purified by washing on the centrifuge with methanol. ^ 
Barium D-Glucose-6-phosphate from 1,2-Isopropylidene-D-glucose. 
Dibenzyl chlorophosphonate, from 13.1 g. of dibenzyl phosphite, in 50 
ml. of dry chloroform is added dropwise over a period of seventy-five 
minutes to a stirred solution of 11.0 g. of 1,2-isopropylidene-n-glucose in 
100 ml. of pyridine at — 10°. The mixture is allowed to warm to room 
temperature as stirring is continued and is then allowed to stand over- 
night. It is evaporated at reduced pressure, and the residual sjuup is 
taken up in chloroform, washed with dilute sulfuric acid, then with water, 
^d dned oyer anhydrous sodium sulfate; the solvent is evaporated. 

e residue is dissolved in ethanol, and the solution is heated to reflux 
or t urty minutes with 5 g. of Raney nickel to remove possible catalyst 
poisons. The solution is filtered and hydrogenated with a mixed 
ca a j St, 0.5 g. of palladium oxide and 1.0 g. of palladium-charcoal 
Fischer and Baer, Ber., 65, 337 (1932) 
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XX X 

u A i« tnkpn UD The solution is filtered to 
Jup is removed by acid by- 
tGlucosS-phosphrte is isolated as the banum salt, Wo 

+ 11.8°. The yield is 9 g. (42%)^. BenzvUdeneglycerol-p-D-gluco- 

2-Glycerol-p-D-glucoside from 1, ^ 25 e is dissolved in 

side.«« Benzyhdeneglycerol-^-n-glucosi ^ 1-2 § black in 

100 ml. of absolute ethanol and sha hydrogen uptake ceases 

an atmosphere of hydrogen. A ei filtered vdth the catalyst, 

and glycerol-P-u-glucoside ^ J “ ,r,ter. Evaporation of 

from which it may be remov y crystalline 2-glycerol-/3-D- 

the aqueous solution leaves 0.9 g. (977o) o 

glucoside, m.p. 165°. . . , 43 rp grams of acetyl- 

Phenylacetie Add from Acetylmaodah to^^ 
mandehc acid is dissolved m 10 g. golution. The suspension 

palladium-barium sulfate is suspen e e solvent, and hydrogen 

Is heated to 215°. the refluxing temperature of the so 
is passed through for six hours, en er catalyst removed. The 

miLre. The mixture is then ""^^^^,,to7ate solution, from 

phenylacetic acid is extracted wi hydrochloric or sulfuric acid, 

whici it is recovered by acidifying hjdrocWor 

Crystallization from water yields t^^e PU ^^j^^b^zyloxy-L-glutamyl- 

L-Glutamylglycine Ethyl _ nr of carbobenzyloxy-n-glntamyl- 

glycine Ethyl Ester.*^ A j Jol containing 2 ml. of glacial 

glycine ethyl ester in about 50 ml. of et ^ After hydrogen 

acetic acid is shaken with plating TPmoved and the solution eyapo- 
absorption has ceased, the cata ys is .^b ethanol. The spongy 

rated; the residue is evaporate repea ^^y^^ g^ddition of ether weighs 
mass which precipitates from e p^+pr melts at 151°. 

4.1 g. (80%). n-Glutamylglycme ethy , lycyi.L-cystine.^^ To a 
DiglUl-i--oystme from Dicarhobenz^^gly ^ bi 250 ml. of 

stirred solution of 25 g. of dicarbobenzylo^glycy^ ^ 
liquid ammonia are added sma P^®® volatilize spontaneously, an 
pears. The ammonia is then a , by evacuating the contamer 

the residual traces of ammonia are rero ^ggjfiue is taken up in cold 
for several hours on the waiter P^™P’ m .^.bg solution is acid to 
water, and dilute sulfuric acid is a. e gyifate reagent, was e 

The glycylcysteine is precipitate ^ , -pbe complex is decompose 

several times with water, and ce -nUnfioii with mercuric sulfa 
with hydrogen sulfide, and the precipitation 

Carter, Ber., 63, 1684 (1930). Chem., HI. 225 (1935). 

« Bergmann, Zervas, and Fruton, 

GreLtein, J. Biol. Chem.. 128, 241 (1939). 
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repeated. The final solution is made slightly alkaline with barium hy- 
droxide solution, and the precipitated barium sulfate is removed^ y 
centrifuging. A few crystals of ferric oxide are added to the solution, 
and air is bubbled through it until the test with sodium nitroprusside 
shows the sulfhydryl group to be absent. The solution is heated wit 
decolorizing charcoal, and the barium is precipitated quantitatively by 
the addition of sulfuric acid. The filtered solution is evaporated almost 
to dryness at reduced pressure. On addition of ethanol to the concen- 
trate, the oxidized peptide, diglycylcystine, precipitates in gelatinous 
form. The mass is taken up in water and precipitated with ethanol, the 
process being repeated several times. After the last precipitation the 
mass is heated. It dissolves in the adhering ethanol and the peptide 
crystallizes from the hot solution in long prisms. The yield is 8.0 g. 
(57%), m.p. 232° (dec.), [a]^ - 108° for 75% solution in 0.1 N hydro- 
chloric acid. 

Di-n-hexylamine from Benzyldi-n-hexylaminef“ A solution of 
27 .0 g. of benzyldi-n-hexylamine in 30 ml. of glacial acetic acid is shaken 
with 0.4 g. of platinic oxide in an atmosphere of hydrogen at 70°. After 
six hours the reduction is complete. The catalyst is removed, the filtrate 
is made strongly alkaline, and the di-n-hexylamine is extracted with 
diethyl ether. The extract is dried and fractionated; the amine distils at 
110 /14 mm. The yield is practically quantitative. 

Dialkylamines from Benzyldialkylamines/^ The benz 3 ddialkylamine, 
as free base or salt, is dissolved in twice its weight of glacial acetic acid, 
and platinum oxide catalyst, usually 1% of the weight of the amine, is 
added. Hydrogenation is carried out at 65-75° and 3 atm. Eight hours 
or less aie required for reduction. The reaction mixture is diluted with 
methanol, the catalj'st is removed by filtration, and excess hydrochloric 
acid is added to the filtrate which is concentrated at reduced pressure. 
To liberate anj' acetylated amine, the residue is digested on the steam 
bath with concentrated hydrochloric acid, 50 ml. for 0.1 mole amine, for 
sc\ eial hours. Evaporation of the liquid leaves the amine hydrochloride, 
v uc may be purified bj’’ crystallization from an appropriate solvent; or 
the residue may be treated with alkali to liberate the free secondary 
amine, which may then be distilled. 

from 2-Dimethylaminomethyl-3, 5-dimethyl" 
solution of 18 g. of 2-dimethylaminomethyl-3,5-dimeth3d- 
P mo m _ 0 ml. of dioxane is hj'^drogenated in the presence of 7.5 g. of 
copper chromium oxide for four hours at 165° and 177 atm. The catalyst 
. ,-it dioxane distilled. The residue, after acidification 
^ma amount of hj'drochloric acid, is distilled with steam to 
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« 8 g. (58%) of 2 . 3 . 5 -— , phenol. The product, crysUllirsd 
from petroleum ether, melts at • , ^ a-Benzhydryla- 

l.(3,4-Dihydro.yphen^-2-— — ^ , 

mmo-3,4-dibenzyloxybutyTophenon ' , ^ rophenone hydro- 
mole) of of-benzhydrylainmo- , " ^ ^ palladium sponge is 

chloride in 150 ml. of absolute me a ’ 55-70° and 3 atm. until 

added. The mixture is shaken , the toluene 

3 moles of hydrogen is taken up. T ^ Y aqueous 

and the diphenylmethane are ex r ^ hydrogenated with fresh 

layer is decolorised rrith “^'“t iken up. The catalyst is 

catalyst until a fourth mol / Hrvness under reduced pressure, 
again removed and the fihrate a e decolorized; then 

The residue is dissolved m a so precipitation is complete. The 

acetone and dry ether are a u „+ iqq-200° (dec.), 

product weighs U g. (60%) drazine.^ A solution of 4.1 g- of 

Benzylhydrazme from y .^.t.v,„rinl is hydrogenated with 

l,l-dibenzylhydrazmein50 ml.o absou absorption ceases, the 

400 mg. of palladium oxide. jg led into the filtrate, 

:iSerpi--^st 

The product may be , Dibenzyldimetbylammo- 

Benzyldimethylammomum .'^^i.-pngvldimethylammonium chlori^ 

nium chloride.* Fifteen grams of dib y Y ^ of 5% 

is dissolved in 50 ml. of v^ter. ^"^^"S-oni temperature. There 

sodium amalgam is added m sma ppmes turbid, and after severa 

is little evolution of gas, the on the surface. On the 

hours an appreciable oily ^^ 7 ®’’/' „ clear and the addition of more 

second day the aqueous soluhon The liquid is decanted 

sodium now causes a vigorous ev aqueous layer contains a 

from mercury and extracted ivi *1,7 unchanged quaternary ainmo- 
very small amount (about 0.1 S-) . jg removed with dilute 

nium salt. From the ethere^\®f " f\t Sic leaves 9.0 g. of 

hydrochloric acid. Concentra 1 Toluene may be recovered 

beuzyldimethylammonium chlor.de (91%). 

from the ether layer. „l.n-hoinocysteine.“ A solution of 6.4 g. 

n-Homocystine from , f ifquid ammonia is treated with a 

of S-benzyl-D-homocysteme m _ ammonia is allowed to evaporate 

slight excess of metallic sodm _ 60 ml. of water. One-tenth 

spontaneously, ^ added, and air is passed through the 

gram of hydrated feme chlon nitroprusside for free sulOiydrj 

solution until the test wi _ 109. 97 (1935). 

^ du Vigneaud and Patterson, 
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groups is negative. The precipitated ferric hydroxide is rernov^ hj 
filtration, and the clear filtrate is made neutral to litmus with i u e 
hydrochloric acid. Pure n-homocystine precipitates; 2.85 g. { /oh 
after recrystaUization from water the product melts at 281-284 ( ec.;. 

a -Amino -p-mercapto-n -butyric Acid from a-Amino-p-benzylmer 
capto-n-butyric Acid.® Pifteen grams of Q:-amino-/3-benzylmercap o 

n-butyric acid is dissolved in 250 ml. of liquid ammonia and treated wi 
small pieces of metaUic sodium slightly more than two equivalents being 
necessary to produce a permanent blue color. Enough ammonium ch o 
ride is then added to discharge the color, plus 7 g. additional. The am 
monia is allowed to evaporate, the final traces being removed at reduce 
pressure. To the residue are added 250 ml. of ether and 5 ml. of concen 
trated hydrochloric acid; the mixture is stirred and heated on the steam 
cone for several minutes. The ether is decanted, and the residue is agam 
extracted with ether. The subsequent operations are carried out in an 
atmosphere of nitrogen. The residue is extracted with three 100-mh 
portions of warm absolute ethanol containing a few drops of concentrate 
hydrochloric acid, and the combined extracts are taken to dryness under 
reduced pressure. The residue is dissolved in 80 ml. of absolute ethano , 
and 800 ml. of anhydrous ether is added. The solution is cooled over- 
night, and the precipitate removed, washed with ether, and dried, 
yielding 9.8 g. of a-amino-^-mercapto-n-butyric acid hydrochloride. 
This is dissolved in 300 ml. of ethanol, and 3.8 ml. of concentrated am- 
monium hydroxide is added; on cooling, 6.4 g. (71%) of pure amino 
acid is obtained, m.p. 203-204° (dec.). 

TABULAR SURVEY 

In the seventeen tables that follow are listed examples of the reductive 
cleavage of benzjd groups. As indicated earlier, it is not possible to 
guarantee the completeness of the tables because many examples of the 
reaction are subordinated to other aspects of the articles in which 
they appeared. The survey of the literature was carried to July 1950. 
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Note: References 84-165 are listed on pp. 325-326. 
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Note: Heterenccs 84-165 are listed on pp. 325-326. 
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table XV 


Suistance Reduced 
UCtH6CHj5jN{CH|)10H 
ICeHsCHjNCCHsljCeHtlCl 


Quaternary Ammonium Compounds 


Tern- 


Product 

iBolatcd 

CsRsCHjNHCHa 

CcHiiNCCHjla 


Yield 

% Catnl>’3t 
_ PdO 

_ PdO 



pera- 

ture 

Pres- 

sure 

Refer- 

Solvent 

‘’C. 

atm. Time 

ence 

51 

Ethanol 



51 

Ethanol 





NcU: Refereccea 84-165 are listed on pp. 325-326. 
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ougank; iir.ACTios.s 


UATURi: OF THE REACTION' 

The nilr()?atio!i rcactitin crmPHt,*; in tlic ri’pl.’U'f'incnt of 3 
atom by the nitniyo Kronp, with liie formation of n nitro^o or oxinnn 
(icriviUivc. (Oximes formc-1 liy nilrosation reactions ha'O osten 
called isonitroso compounds. Since isonitroso compouiul.s are _ 

wlh oximes produced l.iy other methoil.-;, the use f)f the dual tennmo OfA 
is gradually being discontinucfl.) With few exceplion.s, the rep.accmcn 
of hydrogen on an aliphatic carbon atom requirc-s the prcs'cncc ol c cc 
tron-attracling groups adjacent to the carbon to be nitros.ated. ^ <■.' > 
aroyl, carbonyl, carbo.xyl, c.arbalkoxyl, nitro, cyano, imino, am ao 
groups may .serve as activators, but they vary greatly in their cap.ici 
to promote nilrosation. 'i'hus, rnonoketone.s arc readily coiuer ' 
into a-oximino ketones, wliercivs monoeslcrs containing no other ac t 
vating groups do not undergo the reaction. , 

Victor Meyer discovered the rc.aclion in 1S7H-1S7-I, when he fount 
that careful acidification of an alkaline .solution of a nitroparafUn ant 
an alkali nitrite converts a primary nitroparaflin into a nitrolic aci ^ 
and a secondarj’ nitroparaffm into n pseudonit role.*-’ He sub.'cqucnt \ 

KCHiXO; — > KCNO. 

i! 

NOH 

ItiCHNOj ]l;CNO. 

I 

KO 

extended the reaction to ^-keto esters bj' ijrcparing ethyl n-oximino 
acetoacetate from ethyl acetoacetato.*- ‘ 

CH3COCH:CO:C:Hj —V CIIjCOCCOjC-Hj 

11 

MOII 

When a methyl or methylene group is nitrosated, the nitroso inter 
mediate usually rearranges rapidly to the oxime. (The isolation ol 

RCOCHill -> RCOCIill -> RCOCIl 


CHsfCOoR), 


NO 

ONCH(CO:R)j 


•Meyer, Ber., 6, 1492 (1873). 

•Meyer and Looher, Ber., 7, 788 (1874). 

^ Moyer and Lecher, Ber., 7, 1506 (1874) 
Meyer, Ber., 10, 2075 (1877) ' 

Meyer and ZlibUn, Ber., 11, 320 (1878). 


NOH 

HON=C(COsR): 


NITR.OSATION OF ALIPHATIC CAHBON ATOMS <i2() 

nitroso intermediates is reported on pp. 333. 338, and 339. The formation 
of stable nitroso derivatives of two d-diketones is discussed on p. 334.) 
Formation of an oximino structure frequently occurs even when it 
necessitates cleavage of the molecule at the carbon which has been 
nitrosated. Monosubstituted d-kete esters and inalomc esters are thus 
converted into n-oximino esters. A mechanism for the base-catalysed 


E, 


R'COCHCOaR' 


B 

R'C0CC02R" RCCOaR'' 

I 

NO NOH 


R 


R 


I / "Dtn ^ IICC02lI^ 

R'02CCHC02R' R O 2 CCOU 2 ,, 


NO 


NOH 


V . t , f o ketone has been proposed. That 

nitrosation and cleavage of a cyclic 


-C-C- 

H II 

0 


OC.H (-) 


CuHnONO , _A_Q_ 

I II 
WO-N 0 


-ocjH^:^ — c — -c— 
1^=0 0 


CjHg 

OC 2 H 5 

I cl, 

-Cy 9 - 

K K 
N=0 0(1) 


(!) 


-c + 

11 ra 

N-O(-) 


OC 2 H 5 

0 


-CH^- 

I 

N-0 


00211^ 


the cleavage of 


S.- 4 - +ofl fl-keto esters and malonic esters upon re- 
subsHtute P ^ gthoxide occurs by a similar mecha- 
action vdth ethyl nitrite an benzoate and diethyl car- 

nism is indicated by tne a-benzoylvalerate ^ and diethyl 

bonate after the nitrosat cleavage of the nitroso derivative 

n-butylmalonate,« respect > represented by the 
presumed to be formed iro , , . , 

.• w forms of the resonance hybrid, the, nitroKcn atom of 

* In one of the contributing electrons, thus mabinc Possible tlio 

organic nitrite is considered to 
pHilic attack on the a-carbon ^ ° Chem. 

® Woodward and DocrinSj Chcvi. 


• CaZ soc. 

’ Hauser nnd Reynolds. 5 „e., 69, 1-C4 (19-1/). 

* Shivers and Hauser, J- ' 
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accompanying equation.’ The nitrosation of ^-keto esters, malonic 

pCjHoCaH^ 


I ^ ’ (+) C-) I 

CeHsCOCCOaCnHB+NaOCaHB-^CeHGC- 
]s’=0 C-^O 


CCO2C2HB- 


v>'r 

N=0 


Na' 


,(+) 


CeH5C02C2H5 + CjH^CCOoCjHb 

acids, and malonic esters in acid solution has been considered to invoh e 
reaction of the nitrosating agent wdth the enolic forms of these com 
pounds.^'^ 

Nitrosations have been carried out with nitrous acid, nitrosyl c on 
nitrosylsulfuric acid, nitrous fumes, and esters of nitrous acid. Aci 
base is usually added as catalyst vuth the last two reagents. 


SCOPE AND LIMITATIONS 

Since the principal governing factor in this reaction is the nature 0 
the compound to be nitrosated, rather than the particular reagent use , 
the following discussion is based upon the types of compounds vine ^ 
undergo the reaction. There has been little study of side reactions, 
they are discussed briefly in the section on experimental conditions. 
The conversion of oximino products into the corresponding keto de- 
rivatives may be the most significant side reaction, but it is proba y 
not serious if the usual nitrosation procedures are employed. 


Ketones 

A ketone group exerts a strong activating influence in the nitrosation 
of an adjacent carbon atom. The methylene group of a methyl alky 
ketone is attacked in preference to the methyl group. Diacetyl mon- 
oxime, an intermediate in the synthesis of dimethylglyoxime, is prepare 
in 69-74% yield by the action of ethyl nitrite and concentrated hy- 
drochloric acid on methyl ethyl ketone.’^ (The effects of traces of water 

Barry and Hartung, J. Org. Chem., 12, 460 (1947). 

^ Bouveault and Loequin, Bull. soc. chim. France, [3] 31, 1061 (1904). 

Meyer and Lenhardt, Ann., 398, 66 (1913), 

13 (.U.S.S.R.), 11, 197 (1941) [C. A., 36, 7941 (1941)]. 

11 q’j • ’ Emymol., 7, 95 (1947). 

“'d^ick, The Organic Chemistry of Nitrogen, revised by Taylor and Baker, p. Eil, 
Oxford University Press, 1942. 

Semon and Damerell, Org. Syntheses, Coll. Vol. 2, 204 (1943). 
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A I- on the yield of diacetyl monoxime 

is treated 

CH3COCH.CH3 CH3COCCH3 

NOH 

ivithiaoamyl nitrite and hydrogen chioride - 

l-oataino-l-(2,^dinitrophenyI)-W-^^^^^^ . 3 e for- 

ever, isoamyl nitrite and sodium decomposition 

mation of 3-acetyl-6-nitrobenzisoxazo 

product, 4 -nitrosalicylomtrile (lH)- 

the action of sodium ethoxide on the oxime 

O CH2COCH3 
NO2 




in 


1 1 Troiins in both a. positions give rise 
Dialkyl ketones with f nless the alkyl groups differ con- 

to two isomeric oximino deriva _ >,i.ancbed. With alkyl groups ot 
siderably in length or unless one is gjiorter group is found.'''’'® 

different lengths, nitrosation on y of one of them leads to 

With alkyl groups of similar Citrosation of the unbranched chain 
an oximino derivative forme y ^gj-fj^ry carbon atoms adjacent to 
In a study of ketones go-workers found that methyl 

the carbonyl group, Aston an ^joj-ivatives. Both possible products 
ketones yield only tertiary ni ro ^ secondary and a tertiary 

were isolated from six ketones group. However, propyl iso- 

carbon atom adjacent to t e vgtone underwent only methylene 
propyl ketone and butyl isopr 

nitrosation.'® , ve been converted into their oximino 

Many methyl aryl ketones always been high. Acetophenols 

derivatives, but the yields na^ jjjtrosated in lower yield than are the 
and propiophenols are usua 

'« Borsche, Ann.. 390, 1 cftm.. 121 68. 392 (1S98); Ga«. cAtm. tor.. 28, 269 

Ponzio and DeGaspari, • /icnni 

(189^^ I’m 471 (1S99). 

•-“Aston, Menard, and Majberrj. 
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corresponding methoxy and halo compounds.^‘-=* This may be due to 
ring nitration (probably nitrosation followed by oxidation), . 

phenols are formed when phenols are allowed to react with anay 
in ether for two or three days.” Under most conditions acetophenon 
itself gives lower yields of oximino derivative than does prop 
phenone.^'^-” Oximinomethyl 4-qiunolyl ketone (IV) has been , 

in 60% yield by the action of amyl nitrite and sodium ethoxide on met y 
4-quinolyl ketone.” 

COCH 3 COCH=NOH 



CiHitONO 

ri 


J 

y 

(NaOCjHs) 


■XT 


A number of substituted phenacyl chlorides have been 
high yields into the corresponding arylglyoxylohydroxamyl c on es 
^Y^_ 39 . 4 o Another readily nitrosated group of alkyl aryl ketones 


ArCOCHjCl 


ArCOCCl 

(HCl) jj 

NOH 


related to 1 -indanone (a-hydrindone).^“°’'*''''‘’^’ 


The action of amyl 


Edkins and Linnell, Quart. J. Pharm. Pharmacol., 9, 75 (1936). 

^ Hartung, Munch, Miller, and Crossley, J. Am. Chem. Soc., 53, 4149 (1931). 
Pictet and Gams, Ber., 42, 2947 (1909). 

Zenitz and Hartung, J. Org. Chem., 11, 444 (1946). 

“ Ajello and Sigilld, Gazz. chim. iial., 69, 65 (1939). 

“ Beruton, ArfciD Kemi, Mineral Geol., 7, No. 13, 1 (1918) [C. A., 14, 2168 (1920)1. 

Claisen, Ber., 20, 252 (1887). 

“ Claisen, Ber., 20, 656 (1887). 

“ Claisen, Ber., 38, 696 (1905). 

“ Claisen and Manasse, Ber., 20, 2194 (1887). 

Hartung, Munch, Deckert, and Crossley, J. Am. Chem. Soc., 62, 3317 (1930). 

“ Slater. J. Chem. Soc., 117, 587 (1920). 

“ Behr-Bregowsld, Ber., 30, 1515 (1897). 

“ Claisen and Manasse, Ber., 22, 526 (1889). 

® Edkins and Linnell, Quart. J. Pharm, Pharmacol., 9, 203 (1936). 

“ Hartung and Crossley, Org. Syntheses, Coll. Vol. 2, 363 (1943). 

^ Hartung and Munch, J. Am. Chem. Soc., 51, 2262 (1929). 

“ Babe and Pasternack, Ber., 46, 1031 (1913). 

** Le-cin and Hartung, J . Org. Chem., 7, 408 (1942). 

Levin and Hartung, Org. Syntheses, 24, 25 (1944). 

*”'■ Kipping, J. Chem. Soc., 65, 492 (1894). 

" Braun and Kirschbaum, Ber., 46, 3045 (1913) 

“ Gabriel and Stelzner, Ber., 29, 2604 (1896). 

^ Perkin and Robinson, J . Chem. Soc., 91, 1073 (1907). 
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«te and hFd.och.oric acid on 

orimino derivative (VI) in almost quantitative yield. 

^0Jl2 

\ Cs HnONO^ CHaOr^^ ^C=NOH 

^CO VI 

nrl vields of oximino derivatives. 
|3-Diketones usually give go ^ timers unless other-wise noted) 
Nitroso intermediates (isolated as ^ ® , solution are treated with 

may be obtained if the diketones m (VII) has been prepare 

nitrous fumes." Nitrosodibensoylmdto boiling cthano 

in this maimer in 50-60% yie . ^nonding oxime VIII. Furihe 
converts this product into the corr 

CeH5COCH,COC6H6 Ha CeHBCOCCOCeHs 

CbHbCOCHCOCsHb j| 


NO 

VII 


NOH 

VIII 


VII ^ ^ 'ketone 

treatment of this oxime with ^^^^ative conversion of 

This reagent effects, in one step, triketone.^'’ Methone (IX) has 

henzoylmethane into the corrtspon * . nitrite and bydroc one 

been uitrosated in 99% yield by potaasmm 
acid.-*^ CHs CHs 



o to the 2 -oxime is of interest 
The nitrosarion of 1.3-W*°*°u„,„rtunately, all attempts to hy- 
,s a potential route to mnhydn - 

** Ceresole, Ber., 17f (1907). 

“ Haas, J. Chem. Soc., SI- jg7 (1920). 

« Kttster, Z. physiol. Chem.'^ 

" Lifschits, Ber., 40, 3233 3378 (IS90). 

Neufville and Fechmann, ^-14 (1907)- 
" Sachs and Herold, * 1524 - 134 (1902). 

« Widand and Bloch. >lnn.. S26. 134 (K 

“ Wolff. Bock. Lorent*. 3 (iggS). p33). 

« Zanetti. Ga«. chim. See.. 65. 30-0 ( 

“Teeters and Shrincr, • (ISSS). 

“ Wialtconus, -dnn., 2 » 



334 ORGANIC REACTIONS 

drolyze the nitrosation product were unsuccessful. “ This stabi ' y 
towards hydrolysis has been attributed to the presence o a “ 
group rather than an oximino group in the 2 position. “ The ni ros 
product is oxidized to 2-nitro-l,3-indanedione by nitric acid and even y 
nitrous acid, which usually converts oximes to ketones.^ 2-Nitro- , 
danedione is reduced to the nitrosation product by fonnic acid. . 

nitroso compound which does not rearrange to the ^ 

aqueous acid is the 4,9-dinitroso derivative obtained in 89% yie ^ ^ _ 
action of nitrous acid on 3,5,8,I0-tetrakcto-3,4,5,8,9,l0-hexa y 
pyrene.^® ,. 

Cyclic ketones appear to be preferentially nitrosated at a 
carbon atom. Baeyer converted menthone into nitrosomenthone y 
in 40% yield by means of ethyl nitrite and acetyl chloride an m o 
(3,f-dimethyl-eoximinocaprylic acid (XI) in 60% yield by meaM o 
ethyl nitrite and hydrochloric acid.®* However, other workers ave 


CH 3 



(CHsIjCH 


CH3 


(CH3)2CH 

X 



(CHalsCHCCH^CH^CHCHsCOsH 


NOH CH3 


XI 


reported that the conversion of menthone into this oximino acid is 
poorly effected by amyl nitrite and hydrogen chloride but is accora 
plished in 68% yield by amyl nitrite and sodium ethoxide.®* The nitro 
sation of pulegone (XII) is interesting in that it yields a derivative 0 
isopulegone (XIII).®* The base-catalyzed isomerization of pulegone to 
isopulegone apparently is sufficiently rapid for nitrosation to occur at t e 


CH; 



H3CCCH3 


(NaOCjHs) 
^ 



XU 


CH3 

XIII 


CHs 

CH 2 =C CCH2CH2CHCH2CO2H 


. CH3 NOH CH3 

Vo mann, Becker, Corell, and Stieeck. Ann., 631, 85 (1937). 

"Baeyer, Ber., 28. 1586 (1895). , , ^ J 

Z Manasse, Ber., 27, 1912 (1894). 

arke, Lapworth, and Weohsler, J. Chem. Son., 93, 30 (1908). 
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newly formed tertiary carbon rather thaii at (XV), a key 

N-Acetyl-lO-oximinodihydrohoinomeroqumene ^ 

intermediate in the synthesis ol ^thnme, 't, . r j^wdroisoquinoline 

the nitrosation of m-N-acetyI-7-keto-8-methyldecahy ^ 

(Xm.‘ An exception to the usual nitrosation of the ten n- 



-f C_Vepicainpnoi 

of cyclic ketones is observed in the treatment with amy 

which yields (-)-3-oximino^P'"rWnweSr the tertiary carbon in this 

nitrite and sodamide in ether. Ivstem. 

of a fused ring system. 


and sodamide in ether.- -teni. 

ketone is at the bridgehead of a fuse ri 

HaC CH ^CO H2C— - 

CsHiiONO 


H2C- 


H3CCCH3 

1 

C 


(NaNHj) 


-CH2 


CH3 . . 

XVI • q£ fx cyLdioximino 

There have been seveml “ 

cetones by the nitrosation o ,. ^^xylic acid an acetone- 

iioximinoacetone from ^.°®*°!2,onedicarboxylate from e 
prepare ethyl t^glow.) The isolation in the 

dicarboxylate ^re discussed pi tropmo group 

tropinone (XVIII) from th indicated tba ^ , nitrite 

proof of structure of groups-®' /^ ® dioxime in 90% 

was located between two na „cetic acid led ° , 2 6-trimethyl- 

and hydrogen chloride in used to convert 2,-,b 

yield. The same conditions .-a...- 

pott f V 10^2700x3^^^ ^ 

« Brodt .nd Perkin. /• ^ri/goi [Chen.. Z^' 

" Borsohe, TVaUach Feet., 15° ’ jgl (191S)- 357 (igM). 

« Harries and GroschufT. Chen... 1-1 

“Kotz, Nussbaum, and ° „„n. 

“Wieland. Bcr., 37, l^n^ClsW- 
“Willstatter. Ber.. 30. 269S (is 
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4-piperidone (vinyldiacetonamine) into its dioximino derivativ 


in 60% yield.®^ 

HjC— CH C=N OH 

1 1 

NCHs C=0 

1 1 

H2C— CH C=NOH 

XVIII 



The activating effect of an ammono-ketone (ketimino) 
trated by the reaction of 2-methyl-3,3-diinethylpseudoindo e ( 
sodium nitrite and acetic acid.®® The conversion of 1,3, - 



HNO2 



iCCHslz 

^CH=NOH 
N 


2-methylenedihydroindole (XXI) into the aldoxime XXII in 96% 
may be considered as proceeding by way of the quaternary salt 
which has the structure of an ammono-ketone. 


^|(CH3)2 1. HNOj 

^=CH2 2. HCloJ 
N 
1 

CH3 

XXI 




(CH3)2 

CH=NOH 


N 


/(+) 

CH3 C104'-> 


XXII 



P-Keto Acids, Esters, and Related Compounds 

The nitrosation of unsubstituted /3-keto esters yields a-oximino-^-keto 
esters, whereas a-substituted 0-keto esters are converted into a-oximino 
esters. ®’° If the jS-keto ester is first hydrolyzed to the ^-keto aci , 


RCOCH2CO2R' -> RCOCCO2R' 


R" 


NOH 


RCOCHCO2R' -> R''CC02R' 

11 

NOH 


” I’Unchor and BcUinelli, Gaz:. chim. itat, 29, 113 (1899). 

Kulin. Winteratem, and Balser, Ber., G3, 3182 (1930). 

The nnc exception to this Kencraliration 13 the reaction between unsubstituted ^ 
acetic CAt,...; nnd nitrosylsulturic acid in sulfuric acid, which leads to oxuninoacetic es 
sn nryA yield. Boux-eault and Wahl. BuU. toe. chim. France, 13] 31, 675 (1904). 
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• Lpf nnp This reaction 

treatment with nitrite yields an ^ ^ ^thesis of «-oximino 

has been developed into a general method tor • .2.pentanone 

ketones.®®'” It permits the prepara ion yield.” a-Oximino 

/WTTTN e 1 .. /^+Vnrlar>pt,nacetate m 94% Y 


ketones.®®'” it permits tuc ^ , 

(XXIV) from ethyl a-ethylacetoacetate m % Y 

PTT PTT CS2CS3 

CH3COCHCO2C2H6 


CH3COCHCO2H 


HNOj 


CH3COCCH2CH3 


NOH 

XXIV 


.1 when there is no substi"" 

ketones are obtained from jS-keto aci s CXXV) is prepared in 

tuent in the a position. Thus, g^onedicarboxylic acid.”'” 

51% yield by the action of nitrous acid on aceto 

HNO2 yrn-Nr=CHCOCH=NOH 
HO2CCH2COCH2CO2H > ^ XXV 

The nitrosation proceeds very r nitrite. Although 1,2-cyclo- 

occurring immediately upon the ad 1 10 , . ^ygg can be prepared y 

k«MedLemono>dme(XXVI)and^«^™^^^^^^^^ arejjso 

direct nitrosation of the corresp ^ ^jg^^hoxycyclohexanones. 
available from the nitrosation o 

.0 




■CO2C2H6 

tinn depends on the careful 

t should be noted that the °^^^urrduring 

exclusion of air from the acids and esters^cate H at 

The few reports dealing voth ^ gsters m their behavio 

bese compounds resemble ^-keto acid 

“ Meyer and ZabUn, Ber., 

’’Bouveaidt and Locquin. BuU- ‘ uM (1004). 

” Looquin, Bull. soc. cAi''*' /I g05). yW (IC'tC)- 

a Diele and Plant. Ore “(1918). 

^Gebsman, Schlatter, and S4 (1925). 

" Koessler and Hanke. c^T^don. lOjA, 84 (19 

” Mann and Pope, Proc. 19, 2405 (18 ' .jgiQ). 

^ Pechmann and Websarg, Chem-i 40 12 (1937^ \C. A.^ 31,4000 (1937)J. 

'» Gebsman and Schlatter. . 354 ^ ^ 30^ 0341 

"Jaecer and Biikerk. Proc. Sri. 

^Jaeger and van 

(1936)). 
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towards nitrosating agents.’®'®'’’®* Ethyl a-cyano-^-imino-T-oximm 

butjwate (XXVIII) is produced by the action of nitrous acid on mon ■ 
ethyl a-cyano-/3-iininoglutarate (XXVII). 


HO2CCH2C CHCO2C2H6 CH C CHCO2C2H6 


NH CN NOH NH CN 

XXVII XXVIII 


Benzoylacetimido ethyl ether (XXIX) is reported to yield its oxnnin 
derivative (XXX) when treated ivith amyl nitrite and hydrogen c 0 
ride.®® However, potassium nitrite and sulfuric acid lead to t e or 
mation of ethjd a-oximinobenzoylacetate (XXXI). 


CcHbCOC COC2H6 

11 11 

NOH NH 

XXX 


CiHiiONO 

(HCl) 


KNO2 

C6H6COCH2COC2H6 

NH 


XXIX 


C6H5COCC02C2H6 


NOH 

XXXI 


Schmidt and his co-workers ®®"®® carried out the nitrosation of a-mono 
alkyl 0-keto esters with nitrous fumes in the absence of solvent and veie 
able to isolate the intermediate monomeric nitroso esters, ivhich v^re 
unstable blue or blue-green oils. On standing several days the nitioso 

R' 

RCOCHCO2R" R'CHCOjR" 

1 

NO 

esters undenvent both dimerization and rearrangement to the oxime. 
A trace of alkali brought about very rapid change to the oxime. V it 1 
this nitrosation technique, it was found that the ease of cleavage of ac} 
groups decreased in the order; —CHO, —COCH3 , —COCgHs.®'' 

Cyclic /3-keto estere are usually cleaved to a-oximino diestcrs 
nitrosation in the pre.sence of alkali alkoxides. 2-Carbetho.xy'4-m'^t’*>'‘' 

Baron. Kcmfry, and Thorpe, J. C/,em. Soc., 85, 1738 (1901). 

Killer and Euler. B-r.. 37. 47 (1901). 

" Knorr, Brr.. 17, 1035 (1S81). 

'^•Schmidt and Dielerle, Ann., 377, 30 (1910). 

Schmidt and Haid. vlnn.. 377, 23 (1910). 

Ber.. 42, 498 (1909). 

^c.lml'.t and WiJm.ann, Bn-.. 42. ISSG (1909). 
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ortf\ 

oo;* 


cyclohexanone is converted 

25-30% yield by ‘ll' f ‘'“f nitrite and eodiinn 

almost twice this yield results from t i'yvX'TT'i pthvl nitril.o 

etho.de.» 

and sodium ethoxide lead ^ ^ ^ 1 chloride in the absence of 

(imill). wherjas ethyl derivative (XXXIV) 

solvent permit the isolation of the J be cleaved to tho 

in 60-^0% yield.- The mtroeo ,„dium ethoxide. 

oxime in nearly quantitative yield by 

C 2 H 5 O 2 CCH 2 CH 2 CH 2 CCO 2 C 2 H 5 

NOH 

XXXIII 
tNaOCzHs 



,C02C2H5 


XXXII 



n 





,NO 


■CO 2 C 2 H 6 


XXXIV 

A itrosvlsulfuric acid in con-' 

Bouveault and Locquin conversion of a-mononlltyl 

entrated sulfuric acid as a reagen ^ yield). Planiliii mihI 

i-keto esters into a-oximino estem of this proccdni'fi In 

dartung introduced a ocid are used as the i'cii|/(tiit 

vhich n-butyl nitrite and 85% su jgj.c|g^ctone (XXXVI), wliicli ifi 

nbination. a-Oxim^ino-S-chloro-y- prepared from o-(iccl,y|,. 

cd in the synthesis method (07% .vlold^ 

hloro-7-valerolactoiie -with sodium nitiito /tod dlliiUi 

e reaction of the lactone however, since (,lie oxime 


hloro- 7 -valerolactone with sodium nitrif.o an 

le reaction of the lactone course, however, since (,): 

[furic acid takes an anomalws ^ g/ ^.Qxiroino-y-butyri 
etate XXXVII is obtained (81% yi 

Bcr.. 33, 595 (1900). 

** Dieckmann and (5''°®°®™“’ 

" Dieckmann, Ber.. 33, 579 _ 136 , 179 (190-)- 

"Bouveault and ^oqum, ^ France, 3 

“ Bouveault and Locquin, B rhim- France, I 1 

Bouveault and Locquin, Ba ■ * gg 2 (1905)’ 

Locquin, Bull. soc. chim. Fr®""’ IJ... ^6. 349 (1942 • 

” Handin and HartunS. .(• : J., 33, 45 ( y,K.s.s jO, I,'!,-) n V 

« McBwain and 1^5®’"®’’'!"°"', rend. acad. cm. u , . ( | 

’• Fcofilaktov and Onishchenko. 

. 1725 ( 1939 ) 1 . 


'.‘.H) to, A .. 
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NOCOCH3 


CICH2CHCH2CCO 


HNOs 


COCH3 

1 

CICH2CHCH2CHCO 


NOjSOjH 


XXXVII 


-0 


XXXV 


NOH 

II ^ 

CICH2CHCH2CCO 


-0 


XXXVI 

an intermediate in a synthesis of methionine, is prepared in 85 91% 
yield from a-acetyl-7-hutyrolactone, ethyl nitrite, and hydrogen c 0- 
ride.®^ 

Diethyl acetonedicarboxylate (XXXVIII) is easily converted 0^1^^ 
monoximino derivative by an alkyl nitrite and hydrogen chloride, 
but isoxazole formation occurs when dinitrosation is attemptea. 
second mole of nitrite obviously serves as an oxidizing agent rather a 
as a nitrosating agent. The oxime XXXIX and the isoxazole XL have 
been used in the preparation of /3-hydroxyglutamic acid and 
hydroxTglutamic acid,®® respectively. ^ 

HO2CCH2CH-CHCO2H 

OH 1^2 




1 . HjCPd. Ft) 

2. HOH 


C.HsOoCCHjCOCHoCOoCsHs 

xxxvni 



C2HBO2CCH2COCCO2 C2H6 

NOH 

XXXIX 


OH 

C 2 H 502 CC=C-CC 02 C 2 Hb 
2 5 2, II 

0 N 

XL 


1. Hj(Ni) 

2. HOH 
V 

HO.CCH-CH-CHCOjH 

1 I I 
OH OH NH2 

^ Ar. ]rco.n. Cinnon. and Pctcra. J. Am. Chtm. Soc.. S4. 20S3 (1912). 

ilnr^^r'.'Jn n.ad RandaU. DvKhrm. J., 25, 1917 (1931). 

^ 1 e-hniir.n, Cr-., 24, SCO (IS9I). 

^ TouV.rr a.-.d Ci.-dtr, J. Am. Chm. Sue., 73, 54 (1951). 
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a-Methyltetronic acid (XLI) gives either of two 
fumes, depending upon the solvent emp acetic acid, whereas a 

nitroso derivative XLII is obtained wi g (XLIH) results with 
90 % yield of a-oximinopropionylg ^ ^-substituted tetronic 

water as solvent. It has been reported that other 

CO-CH2 

I /° 

H3CC— CO 
NO 

XLII 



CH3CCO2CH2CO2H 

II 

NOH 

XLIII 

ri* nitrite converted 

acids may suffer loss of the a „+etronic acid ( 65 % yield) 

a-ethyltetronic acid (XLIV) into a-oxi £pj. unusual course 

and acetaldehyde. No explanation wa 
of this reaction. 


CO— CH2 

NaNOz^ 


QO — C^ 


0 

NOH 


/ 

-CO 


'0 + CH3CHO 


101,102 


CH— CO 

1 

C2H6 

XLIV 

Alkylmalonic acids are decarboxylated 

B.CCO2S 

RCH(C02H)2 '^551) II 

NOH 

, .1 jg of a-oximino acids can be 

, „ that excellent yields 0 j nitrite and 

Recent studies have shown action ° A^facid furnishes 

■.btained by tMs 

acid, an intermediate in a sjm 

"Wolff, Ann., 288, 1 (1895)- (J913). 70,693 (1918). 

'« Wolff nnd Hcrold, Ann ^ Am. Ch^ 

>»> Barn-. Mattocks, snd lOT. 12^ 

Kletr and Lapworth, -f- 
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Diethyl oximinomalonate has been prepared from^ Mwl 

in good jneld under a variety of experimental conditions, 
nitrites, with sodium ethoxide as catalyst, are very effective m conve . 

substituted malonic esters into a-oximino esters.®’ Ethy a-oxim 

^CH(C0.R'E ^ RCCO^R' 

NOH 

caproate, ethyl a-oximino-jS-phenjdpropionate, and ethyl 
6-dicthylaminovalerate have been prepared in this manner in yie s 
80%, 92%, and 94%,, respectively.® , 

A number of amides and anilides of malonic acid have been con ^ 
into their oximino derivatives.**®-’'®’'” Quantitative yields of^oxime 
were often obtained u-ith nitrosyl chloride as nitrosating agent. 


Arylacetic Acids and Esters 

Only a small number of arylacetic acids and esters have been subjected 
to nilrosation. Ethyl phenjdacetate and ethyl p-bromophenylace a e 
have been converted into their oximino derivatives in good yiel 'V 
ethyl nitrile and potassium ethoxide.*'* 


CtHtCH:CO:C:H(, — CelibCCO.CzHt 

(KOCrH,) |j 

NOH 


ResviUs with nitrophenylacetic acids and esters have not been unifonn. 
.Mlhough a few compounds of this U-pe have yielded oximino derivati^ es 



nitrosation of aliphatic carbon atoms 

upon treatment ^Yith amyl nitrite and a The un- 

others have shown little reactiviy towar , ^ jg further indi- 
usual importance of the ^^2 4 -dinitrophenylacetic ester” 

cated by the lack of reaction betw > , le Sodium meth- 

and isoamyl nitrite and hydrogen c on e m gp^yersion of methyl 
oxide catalysis, on the other hand, ^ g.jjitrobenzisoxazole in 

2,4-dinitrophenylacetate into 3-car om 
85% jdeld.'® 

Nitriles 

. 1 9,Ild. ©tliyl cy3'^03'C6t3-t6S 

Nitrous acid effects the conversion combination of 

into their oximino derivatives in 90% jue , yields of these prod- 

amyl nitrite and sodium ^ wanoacetic esters, like that of 

ucts.i» The nitrosation of substitutea cy 

ncoh.co,e hccco,r 

NOH 

substituted malonic esters, effecte Q^^^g^r^cetonitriles have been 
corresponding a-oximinomtriles. 


ECHCN 
CO2C2H6 


^ rCCN 
(KOCjHbI II 

NOH 


1 nitrites and sodium ethoxide on 
prepared directly by the action o a y cyanoacetamides into 

atykcetonitrUes”-'". Nitrous acd 

their oximino derivatives (XLV) has been attenapte y 
The synthesis of oximinomalonon sodium ethomde gave 

the nitrosation of malononitn e. structure a-oximino-^- y ^ox 

a high yield of a compound ass.gned the 

“ Borsche, Ber., 42, 3596 ^ (jggl). 

““ Gabriel and Meyer, Ber., > j^ggs, 1841- 
Parkes and Aldis, J- (1909). 

Conrad and Schulze, . t 433 (1894)- 

Muller, Ann. ck»n». ’ innn cmSl) 

“‘Nef, Ann.. 280, 331 (189^)- Chem- Soc.. 73, 100 ( 

Fields, Walz, and 622 (1924). 

“ Walker, J. Chem. Soc., 1^ ■ 

“ Frost. Ann., 250, 163 {188^ , 66, 353 (1902). 

^ Zimmermann, J • 

“Merck. Ger.pat. 227.390 





OH 

1 CtHiiONO 

C2H5OC CCN 

NHz NOH 

XLVI 


CH2(CN)2 H0N=C(CN)2 


XLV 


i3-Iininopropionitriles have been found to react with nitrosa-ting 
agents.*®^’ Amyl nitrite in ether converts /3-imino-/3-phenylpropioni- 
trile (benzoacetodinitrile, XLVII) into the ammonium salt of a-oximino- 
,3-nitrosimino-/3-phenylpropioiiitrile (XLVIII).*--” The ammonia neces- 
sary for the formation of this compound undoubtedly comes froni de- 
composition of the original nitrile, since oximinobenzoylacetonitnle 
(XLIX) can also be isolated. 


CeH5CCH,CN CsH.C CCN -b CeH^COCCN 

11 11 11 Lti 

NH NNO NONH4 noh 

XLVII XLVIII XLIX 

Only a small amount of dioximinosuccinonitrile is formed by the 
action of two equivalents of amyl nitrite and potassium ethoxide on suc- 
cinonitrile.'^^ 


Nitro Compounds 

Nitrosation converts primary nitroparaffins into nitrolic acids and 
secondary nitroparaffins into pseudonitroles.^'®’'®^ These reactions are 
the basis of Meyer’s “red, white, and blue” test for nitro compounds.*®^ 
Alkaline solutions of nitrolic acids are blood-red in color, whereas 
pseudonitroles give the blue solutions expected of nitroso compounds. 
Tertiary nitroparaffins do not undergo nitrosation. Ethyl nitrolic acid 
(L) (acetonitrolic acid) and butyl pseudonitrole (LI) ® have been 
prepared in 82% and 78% yield, respectively. The reaction is carried 

Diels and Borgwardt, Ber., B4, 1334 (1921). 

Longo, Gazz. chim. ital., 61, 578 (1931). 

'“Lublin, Ber., 37, 3467 (1904). 

Meyer, J. prakt. Chem., [2] 52, 108 (1895). 

* A similar compound is reported to be one of the products formed from amyl nitrite 
and ethyl ^-aminocrotonate (ethyl P-iminobutyrate) (see ref. 80). 

Meyer and Locher, Ber., 7, 670 (1874). 

Meyer and Locher, Ber., 7, 1510 (1874). 

'« Wieland, Ann., 353, 82 (1907). 


NOH 

L 


CH3CH2CHCH3 ^ CH3CH2CCH3 


out by the addition of potassium nitrite and dilute sulfuric acid to an 
alkaline solution of the nitro compound. When l,3-dihydroxy-2-nitro- 
propane (LII) is treated in this manner, hydroxyethyl nitrohc acid 
(LIII) and formaldehyde are formed.*” The cleavage of the hydroxy- 
methyl group may be similar to that which occurs when other tertiary 
nitroso intermediates undergo cleavage with rearrangement to the 
oximes, or it may result from an alkali-catalyzed retrograde aldol 
condensation prior to nitrosation. 

NO, 

I 

HOCH2CCH2OH 


HOCH2CHCH2OH 




HOCH2CNO2 


HOCH2CH2NO2 


In accordance with the general reactivity of alkyl groups ortho ^ 
para to a nitro group, 0- and p-nitrotoluene, nitr^p-rprlene, ^nit - 
ethylbensene, „,p'-dinitrodiphenylmethane, and 
ether are nitrosated by amyl nitrite and an a oxi . 
there is not much published information about th.s ^een 

stated that the oxime of o-nitmbensaldehyde (LIV) can be P “ 

little difficulty it alcohol-free sodium ethox,de .s used as catalyst. 


JNO2 CiiHiiONO^ 
) (NaOCjHs) 


ch=noh 

'^NOz 


Earl, Ellsworth, Jones, and s.’ll, 28 (1899) [Chem. Zentr.. 1899, 

Angeli and AngeUoo, Atti accad. nazl. Lxncei, o, r , 

n, 371], T • .= nnrl BrUning, Ger. pat. 107,095 [Chem. Zentr., 1900, 

Farbwerke vorm Meister, Luciu , 

I. 886]. Briining, Ger. pat. 109.663 [Chem. Zentr., 1900, 

Farbwerke vorm Meister, Lucius, 

II, 458]. 

•“ Lapworth, J. Chem. Soc., 79, 12/4 (19 ). 
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However, there is disagreement about the necessity of using alcohol-free 
sodium ethoxide in this reaction.'” 

The activating effect of the nitro group described in the preceding 
paragraphs is to be contrasted with the opposite effect which this group 
sometimes exerts. Thus, although ethyl phenylacetate has been nitio- 
satcd successfully,"® methyl 2,4-dinitrophenylacetate is reported to 
undergo nitrosation only in an alkaline medium.'®' p-Nitrobenzyl- 
malonic acid and ethyl p-nitrobenzylacetoacetate are reported not to 
undergo nitrosation."- 


Hydrocarbons 


As would be expected from the general reactivity of its methylene 
group, cyclopentadiene (LV) can be nitrosated in 70-90% yield."® 


hc=ch 

HC=CH 

LV 


HC=CH 


CjHsONO 

~ — 

(NaOCjHs) 


C=NOH 


HC=CH 

(as a dimer) 


Lynn and his co-workers found that sunlight catalyzes a reaction 
between hydrocarbons and nitrosyl chloride. Heptane was converted 
into the oxime of di-n-propyl ketone,"® and toluene gave benzaldo.xime 
in almost quantitative yield based on the nitrosyl chloride."® 


SYNTHETIC APPLICATIONS 


a-Oximino Acids and Esters 


a-Oximino acids and esters are most frequently prepared by the nitro- 
sation of .substituted ff-keto esters, malonic acids, and malonic esters. 
Ihe other methods available for the preparation of these oximes are 
(1) reaction of an a-keto acid or ester with hj'droxylamine,"’ ""•"*■ (2) 
reaction of an a-halo acid with hydro.xylamine,'®" (3) reaction of an 
a-halo ester with sodium nitrite, and (4) formation, oxidation. 


MattocVa ftnd Hartung. J. Am. Pharm. Assoc.. 35, 18 (1946). 
'“Tliiclp. flrr.. 33, 069 (1900). 

Lvnn. J. am. Cfirm. Soc., 41, 3GS (1919). 

*^^8 HiUon, J. Am. Chem. Soc.. 44, 645 (1923). 

J- .4m. Chcm. ,Soe.. 45, 1045 (1923). 

■ Mfycr anti Janny. Crr.. 15, 1.525 (1SS2) 

Puitli. Ga:z. chim. ital.. 17, 519 (1SS7). 

Erlenmcycr. .Inn., 271, 107 (1S92). 

Hantra^h and Wild. Ann,. 289, 2S5 (1896). 

Hull. soc. chim. France. (3) 9, 630 (1893). 

^^^,-Trcq. Pull roc. chim. France. [3] 11, 295 (1894). 

IKTcq, Bull. IOC. chim. France, [3) 11, 886 (1894). 
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NOH 
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rchcn 
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RCCONH 2 
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NOH 

hnoh 

NOH 


loH 


NOH 


noids and esters prepared by nitrosation reactions have 
^d extetfvS in the s^is of the corresponding a-ammo 
A otpr^i The a-amino acids which have been prepared m this 
acids an e ' . 92 ct-amino-7i-butyric acid,"^ a-amino-S-diethyl- 

manner are (ethyl ester),®- 3,4-dihydroxyphenylalanine,‘“‘ 

arainovaer wdroxyglutamic acid,®® isoleucine,®^’*®® leucine,'®- 

nor.euolne « (ethyl 

’ 92 y^pnvlalanine'®-®® (ethyl ester®), the a-amino-/ 3 -hydroxy- 

norvalme, _p ^ J tyrosine.®® In recent years many a-amino acids 
n-butync aci substituted aminocyanoacetic and amino- 

have been pr P ^ j ethyl oximinocyanoacetate and diethyl 

malonic esters obtaineQ ^ ^ 

oximinomalonate re^spect ^y ^ ^ 

a-Oximin replaced by a keto group by treatment with a 

theoximinog P Diethyl oxomalonate (LVI) is prepared 

"'*'"''dXl"^e in 74 to 76% yield isolation of the 


nitrous 
from 


164 Miller Hauser, J. Am. Chrni. Soc., 68, 101 (1946)- 

1“ Breslow, Walker, Yos , France, [3] 35, 965 (ignRl 

IS. Bouveault and L^o'ium, and Helmkamp /. Org. ChL.. 13, 46S dg' 

161 Olynyk, Camp, C^ia^- Keighley, and Lowy, J. Biol. Chem 176, 1384 (19^®'' 

168 Boraook, Deasy, Haagen ^ jggg (jggg^ 

168 Adkins and Reeve. • 58,450 (1946). 

160 Albertson. J. Bull', eoc. chim. France. [3] 31. 1143 (I904). 

161 Bouveault and Loequi , 

160 Kondo, Biochem. Z., 3 , ,gj 3i_ 4147 (1904). 

161 Sen, Bwchem. Z., lao. 
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CHjCCOsCsHs)! C 0(C02C2H6)2 

LVI 


intermediate oximino esterd” The same reaction can be accomplished 
more satisfactorily by means of the commercially available nitrogen 
dioxide.'" 

The use of a-benzyloximino acid chlorides in the synthesis of peptides 
is described on p. 271. 


a-Oximino Ketones 

a-Oximino ketones, prepared readily by the nitrosation of ketones and 
^-keto acids, have ser\'ed in the synthesis of a large number of a-dike- 
tones, a-dioximes, a-diamines, a-amino alcohols, a-amino ketones, and 
heterocyclic compounds. The diketones have been prepared in high 
yield by treatment of the a-oximino ketones with dilute mineral acid 
or with a nitrous acid derivative.^'’-*'*-*®^ There is a report of the direct 
conversion, in high yield, of a /3-diketone ( 7 )-nitrodibenzoylmethane) 
into the corresponding triketone by means of nitrous fumes. Knorr’s 
method for the synthesis of pyrroles involves the reduction of an 

a-oximino ketone to an a-amino ketone, which, usually without isolation, 
is condensed with a ketone to form a substituted pyrrole. Ethyl aceto- 
acetato is converted into 2,4-dimethyl-3,5-dicarbethoxypyrrole (LVII) by 
this procedure.'” The amino ketones derived from a-oximino ketones 


CHs 

! 

CO 

1 

CHi 

1 

CO-CjHj 


UNO; 


CH, 


CO 


Zn, CHjCOjH 


CHa 

I 

CO 


CHiCOCHsCOjCjHs 


C=NOH 

I 

CO-CjHt 


CHNHj 

1 

CO 2 C 2 H 6 

HtC202CC~ 


-CCHs 


HsCC CCO2C2H6 

\ / 

N 

H 

Dot. Orff. Co». Vol. 1 , 200 (mil) 

Irvine, Ora. SynMe,,... 25. 34 (1945). 

KoU), .4r.r... 291. 2=0 (1S9G). ^ ' 

IrO^O'iin. Uni;, toe. ehim. France. (3) 31. 1169 (1904). 

r. C 4 1^1 2b 1 173 (1904). 

; Ar.-irr, 230. 317 

n >551 (1935). 

H O-ff, Cdl. Vol, 2. 202 (1943). 
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have served also in the synthesis of imidazolones (LVIII) and thiol- 
imidazoles (LIX) The catalytic reduction of a-oximino ketones 


RC— NH 


^CO 


vntjn KCNS 

RCOCHiNHrHCl > 


HC— NH 

LVIII 


RC— NH 
HC— N 

LIX 


;CSH 


leads to «-amino ketones, o-amino alcohols, ”aS, 

sines, depending npon the experimental conddrons. ’ I'” 

the hydrogenation of ethyl ffZ 

nickel at 120 atm. yields, after oxid^on <=' *■= ^ 

methyl-3, 6-dicarbethoxypyrazme (LXI), hydrogena 


HaCr^NcOzCzHB 
C^HsOzcIL^^CHs 
LXI 

CH3CH-CHCO2C2HB 

OH NH2 

LXII 



CH3COCCO2C2H5 CH3COCHCO2C2H6 


NOH 

LX 


NH 2 


fnmishes, ethyl £foS'Let”i m- 

the a-oximmo ketones obtained 1 ry . . -i jj juj.sT.ivs.iso.isi 
duced to amino alcohols that have pressor activity. 

experimental conditions and procedures 
E xperimental Conditions 

• , J can convert oximes into ketones, the 

Since nitrous aci eri „jjjs is usually carried out with only a 

nitrosation of , * ^nd at temperatures between 0 and 

small excess of nitrosating ag 

r Am Chem iSoc., 67, 496 (1945). 

Fox, Sargent, and Buchman^J. j ^hem. Soc., 70, 2884 (1948). 

™ Jackman, Klenk, Fishburn TuUar. 

Ochiai and Ikuma, Ber., 69, II ( ( 1950 ). 

OT Wynn and Corwin, J . Org. Ohem.. , yol. I, 2nd ed., p. 807, John Wiley 

™ Adkins and Shriner, in GUman, Organic o 

& Sons, New York, pharm Pharmacol., 5, 491 (1932). 

™ Glynn and LinneU, Quart. chem. Soc., 67, 1091 (1935). 

wo Hartung, Munch, “d Crossly. (^ggg), 

w‘ Machlis and Blanchard, J. .am. Bl,e conversion of methylhydrastein into 

* An interesting exception ^ means of a twenty-two fold excess of ethyl nitrite 

its oximino derivative in 80% yi® 

(see ref. 239). 
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50". It is customarj' to add one reactant in small portions to a stirred 
solution of the remaining reactants. 

The isolation of products is largely dependent upon the solvent and 
reagents employed. Oxnmes are frequently purified by extraction into 
sodium carbonate or sodium hydroxide solution, provided they are stable 
under these conditions. Since heating of oximino derivatives may cause 
violent decomposition, care should be used in attempts to distill these 
compounds or to remove solvents by distillation (see page 354). 

It is not always possible to make a rigorous differentiation among the 
various reagents employed in the nitrosation of aliphatic compounds 
because the effective nitrosating agent is often formed after the reactants 
have been brought together. For example, ethyl nitrite is the nitrosating 
agent when it is used with sodium ethoxide as catalyst, but with hy- 
drogen chloride as catalyst the agent is believed to be nitrosyl chloride 
(“nascent nitrosyl chloride”).'®- The following discussion is therefore 
based upon the reagents employed rather than on compounds believed 
to be formed in the reaction mixture. 

The alkyl nitrites cause a marked fall in blood pressure by dilating 
the peripheral arteries. In large amounts they produce methemoglo- 
binemia, resulting in cyanosis and asphjocia. Therefore, alkyl nilriies, 
particularly methyl and ethyl nitrites, which are gases at room temperature, 
should be used with caution. 

1. Inorganic nitrite and acid. This combination possesses the ad- 
vantage of avoiding the preliminary' preparation of the nitrosating 
agent. It can be used with both water-soluble and water-insoluble 
compounds. T he water-insoluble compounds have been nitrosated by' 
employing glacial acetic acid as solvent and sodium nitrite dissolved 
in the minimum amount of water. Nitroparaffins are usually nitrosated 
by the addition of nitrite and mineral acid to an alkaline solution of the 
nitro compound. 


2. Alky I nitrite and an alkoxide. This effective combination is almost 
nlxay.' used in ethanol solution. Only in the conversion of o- and p- 
nitrotolucne to the corrc.sponding benzaldehy'de oxime has alcohol-free 
a .oxir c )cen said to be necessary',"' but even in this case there is a 
con icting report."’ The claim that the presence of a trace of water 
mrrc.ase.-. the y iold of diacctylmonoxime from methvl ethyl ketone could 
not be confirmctl.'" 


I'.thyl nitrite nitro,=ate.s 
than does amyl nitrite.''* 


camphor more readily and in higher yield 
Sidgwick " attributes to Slater a report of 



Sr.*! S:hrr 
'. sr. 1 Dtr-.-rf;: 


•.i.Dun-.oat. .Ann.. 44<, ll.S (1925). 
/. .4m. c>.— .. See., 47, 2033 (1925). 
■ 40, 4.313. footnote (1907). 
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the more rapid action of methyl and ethyl nitrites as compared to amyl 
nitrite; and, although no statement or experiment regarding this question 
appears in the paper bj' Slater, it is probably true that the lower homo- 
logs are more reactive. Probably a more important advantage of the use 
of one of the gaseous nitrites is that the alcohol (methanol or ethanol) 
formed in the reaction is both miscible with water and readily volatile, 
so that its presence does not complicate the isolation of the product. 
Gero and Seitchik recommend n-propyl nitrite as also having this 
advantage and as being preferred to methyl and ethyl nitrites because it 
can be handled as a liquid (b.p. 46-49°). 

3. Alkyl nitrite and hydrogen chloride. This is the most widely used 
reagent combination. It has the advantage of yielding a reaction mix- 
ture which, by vacuum distillation, can be freed of reagents and at least 
one by-product, the alcohol formed from the nitrite. Ethanol and ether 
are used most frequently as solvents. A small amount of concentrated 
h)'drochloric acid is often the source of the hydrogen chloride, but man}' 
nitrosations are carried out under anhydrous conditions. Slater and 
Aston and Mayberiy found that water decreased the activity of the 
catalyst in ketone nitrosations, but Semon and Damerell reported 
that a small amount of water had very little effect on the yield of di- 
acetylmonoxime from methyl ethyl ketone. In a study of the nitro- 
sation of a number of phenacyl chlorides, it was found necessary to add 
a trace of water to initiate the reaction of p-methoxyphenacyl chloride 
with isopropyl nitrite and hydrogen chloride.*® With some ketones, 
maximum yields of their oximino derivatives depend upon the use of an 
optimum concentration of catab'st.**'*** Many nitrosations require 
continuous introduction of hydrogen chloride, but a trace suffices in the 
reaction between ethyl nitrite and a-acetyl-y-butyrolactone.®* Al- 
though the use of a large amount of hydrochloric acid has been reported 
to lead to nitrosochlorination,**- normally the use of an alkyl nitrite 
and hydrogen chloride is not complicated by this side reaction. Acetyl 
chloride can be used in place of hydrogen chloride. 

4. Nitrosationinconcentratedsulfuricacid. Bouveault’s method 
employing nitrosylsulfuric acid (“lead chamber crystals ) in concen- 
trated sulfuric acid for the nitrosation of a-substituted ^-keto esters has 
been replaced by the more convenient method of Hartung,®'®* in which 
nitrosation is accomplished by n-butyl nitrite in 85% sulfuric acid. Its 
usefulness depends upon the stability of the compounds employed in the 
strong acid.® 

Gero and Seitchik, private communication. 

Claisen and Manasse, Ann., 274, 95 (1893). 
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5. Nitrosyl chloride. The use of this reagent is attended with the 
disadvantage that nitrosochlorination as well as simple nitrosation may 

OCCUr.'82.1S6.187 

6. Nitrous fumes. This reagent is seldom used at present for the 
nitrosation of aliphatic carbon atoms. It has had, however, extensive 
use in the preparation of N-nitroso-N-acetylarylamines.'^’“ The fact 
that the reagent is a gas as well as a mixture of nitrogen oxides makes it 
difficult to employ it in a quantitative manner. 


Experimental Procedures 


The preparations of methyl nitrite,’® ethyl nitrite,^® and n-butyl 
nitrite are described in Organic Syntheses. n-Butyl nitrite and, 
presumably, other organic nitrites decompose after several weeks at 
room temperature. 

Directions for the preparation of oximinoacetone, diacetyl monoxime, 
2-oximino-3-pentanone, and 2-oximino-3-he.xanone are given by Fischer 
and Orth.”®" 

Detailed procedures for the preparation of diacetyl monoxime, 
a-oximinopropiophenone, and phenylglyoxylohydroxamyl chloride (w- 
chloroisonitrosopropiophenone) from the corresponding ketones in 
yields of 69-74%, 65-68%, and 82-86%, respectively, are given in 
Organic Synlheses.'-^'^^'*’^ Alkyl nitrites and hydrogen chloride or hydro- 
chloric acid are used to effect the nitrosations. 

Dioximinoacetone from Acetonedicarboxylic Acidd’ A solution of 
150 g. of crude acetonedicarboxylic acid in 275 ml. of water is cooled 
in an ice-salt bath. A solution of 100 g. of sodium nitrite in 200 ml. of 
water is added slowlj', with stirring, while the temperature of the re- 
action mixture is kept below 0°. The mixture is cooled to —5° and 
filtered immediately. The solid is washed with small portions of ice 
water. An additional amount is obtained by adding 200 ml. of cold 
6 iV nitric acid to the filtrate. The white product is washed with four 
small portions of ice water and dried over sulfuric acid in a vacuum 
desiccator. The product weighs 59 g. (51%) and decomposes at 133°. 


Demote. Ann., 17B. 146 (1875). 

Rheinboldt and Schmitz-Dumont. Ber., 61 , 32 (1928). 

I r* Hoffman, in Adams. Organic Reaction), Vol. II. p. 249. John Wiley 

«.v Son5, 19-U- 

‘^^No\ e>‘, Org. Synthae). CoU. Vol. 2, 108 (1943.) 

Leipri^c Orth. Die Chemie da Pyrrol), Vol. 1, pp. 408-410, Akad. Verlag, 

Org. Synlhaa, Coll. Vol. 1, 10 (1941). The crude 

ncetonedie.arborj lic acid cont-ains sulfuric acid. 
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3-Oximino-6-ethoxy-2-pentanone from Ethyl a-2-Ethoxyethylaceto- 
acetate.'®® To 20 g. of 5% sodium hydroxide solution is added 78 g. of 
ethyl a-2-ethoxyethylacetoacetate, and the mixture is stirred for nine 
hours. Then 26.6 g. of solid sodium nitrite is added, and the orange 
solution is cooled in an ice bath while a solution of 30 ml. of concen- 
trated sulfuric acid in 80 ml. of water is slowly added from a dropping 
funnel. The solution is allowed to stand overnight. It is then made 
alkaline with 10% sodium hydro.xide solution and extracted with ether. 
The aqueous solution is acidified with sulfuric acid (saturation with 
carbon dioxide may be used), the product separating as a red-brown oil. 
The aqueous layer is extracted with ether, and the combined oil and 
extracts are washed free of acid, dried over sodium sulfate, and distilled. 
The yield of product boiling at 108-113V2.3 mm. is 30 g. (49%). The 
freezing point of a redistilled sample (116-116.5V1-4 mm.) is 29.5°. 

Ethyl a-Oximinoacetoacetate from Ethyl Acetoacetate.^®® In a 5-1. 
three-necked flask fitted with a thermometer, a reflux condenser, and a 
mechanical stirrer are placed 730 ml. (750 g., 5.8 moles) of commercial 
ethyl acetoacetate and 840 ml. of glacial acetic acid. The flask is cooled 
in an ice-salt bath, and a solution of 450 g. of 95% sodium nitrite in a 
liter of water is added over a period of approximately one hour, the 
temperature being kept at 25°. Three liters of water is then added, and 
stirring is continued for two hours. 

One quarter of the reaction mixture is placed in a 2-1. separatory 
funnel and shaken with 350 ml. of ether. The bottom aqueous layer is 
run off, and the next quarter of the reaction mixture is placed in the 
separatory funnel and extracted with the same ether. This is repeated 
until all is extracted. This C 3 'cle is repeated t^vice, using 200 ml. of ether 
each time. The ether extracts are combined, washed once with water, 
four times with sodium bicarbonate solution, and once more with water. 
The addition of sodium chloride is occasionally necessary to cause the 
layers to separate promptly. After drying the ether solution with 
sodium sulfate, the solvent is distilled on a steam bath at atmospheric 
pressure, and then for two hours at about 35 mm. The residue of brown, 
liquid, impure ethyl a-oximinoacetoacetate weighs 650—700 g. 

The crude product is dissolved in toluene (120 ml. per 100 g. of crude 
material) and the solution is filtered. Cooling to 13 to — 15° with 
stirring for one-half hour causes crystallization. The solid is filtered, 
washed with a little cold toluene, and air dried overnight. A yield of 
550-600 g. (63%), m.p. 57.5-68°, is obtained. The addition of petroleum 

■'’Tota and Elderfield, J. Org. Chem., 7, 317 (1942). 
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ether (b.p. 60-90°) to the toluene decreases the solubility of the product 
and permits an increased yield (75%).*’® 

The once-crystallized material maj' be recrystallized from toluene, 
but 180 ml. of solvent should be used per 100 g. of oximino ester; the 
recovery of pure white product, m.p. 58-58.5°, is 90%. If the toluene 
mother liquor is distilled on a hot plate at atmospheric pressure, the 
oximino ester decomposes, sometimes violently. The mother liquor can 
be used for crystallizing the next batch of crude material, or most of the 
toluene can be distilled under reduced pressure on a steam bath and 
50-60 g. more of the oximino ester, m.p. 56°, obtained on cooling. 

a-Oximino-y-butyrolactone from a-Acetyl-y-butyrolactone.” To a 
cold (0° to —5°) solution of 256 g. (2 moles) of a-acetyl-r-butj'rolactone 
in 500 ml. of methanol is added 300 g. (4 moles) of ethyl nitrite.* The 
reaction flask is packed in ice and salt and allowed to stand for fifteen to 
twenty hours, during which time the ice melts and the temperature 
reaches that of the room. The mixture is cooled, and the crystalline 
solid is collected on a filter. The filtrate is concentrated under dimin- 
ished pressure, and the dark-colored residue is heated on the steam bath 
with 100 ml. of n-butyl alcohol. The mixture is cooled and filtered. The 
two crops of crystals are combined, washed twice with 100-ml. portions 
of cold n-butyl alcohol and then with ether. The a-oximino-y-butyro- 
lactone weighs 196-209 g, (85-91%) and melts at 183-185° (lit. 192°). 

a-Oximinocaproic Acid from Ethyl n-Butylacetoacetate.® In a 400-ml. 
beaker surrounded by an ice-salt bath is placed 30 g. of 85% sulfuric 
acid. Mechanical stirring is started (a four-blade paddle stirrer was 
found most efficient), and, when the temperature of the acid reaches 
— 5 to 0 , 18.6 g. (0.1 mole) of ethyl n-butylacetoacetate is added slowlj' 
enough that no rise in temperature occurs. When this addition is 
complete, 11 g. (0.105 mole) of 7!-butyl nitrite is slowlj’ added dropwise, 
with the temperature as near 0° as possible. Slow effervescence is 
observed, but, if the nitrite is added too rapidly, oxides of nitrogen are 
evolved. After all the nitrite has been added, small pieces of ice are 
added to dilute the acid. At this point a white, curdy precipitate of 
oximino ester appears. Cold water is then added, and the liquid is 
extracted rvith ether. The oximino compound is extracted from the 
ether by cold 10% sodium hydroxide solution. The red alkaline extract 
is heated on the steam bath for fifteen minutes, then cooled and acidified, 
e precipitated a-oximinocaproic acid is filtered, and the filtrate is 


' * “"d Archer. J. Am. Chem. Soc., 70, 1150 (1948). 

fv. 1 TiU H ^ ^ is catalyzed by a trace of hydrogen chloride present in the 

ethyl nitrite, since with ethyl nitrite prepared from sulfuric acid the reaction proceeds 
very slowly unless a small amount of an acid is added. 



NITROSATION OF ALIPHATIC CARBON ATOMS 


355 


extracted with ether. The product is recrystallized from petroleum 
ether and melts at 136° (dec.); the yield is 12.5 g. (86%). 

By the same procedure, ethyl a-benzylacetoacetate is converted into 
a-oximino-jS-phenylpropionic acid in 85% yield. No oxime could be 
obtained from ethyl 3,4-diethoxybenzylacetoacetate by this procedure. 

Ethyl a-Oximinocaproate from Diethyl n-Butylmalonate.« Sixty-four 
and nine-tenths grams (0.3 mole) of diethyl n-butylmalonate is placed 
in a 500-ml. flask equipped with a mercury-sealed stirrer, dropping 
funnel, and an ice-water-cooled condenser carrying a drying tube. The 
flask is immersed in an ice bath, and 33.8 g. (0.4 mole) of ethyl nitrite * 
is added to the stirred solution, the temperature of which is maintained 
at about 0°. The mixture is then cooled to — 10° in an ice-salt bath, 
and a solution of sodium ethoxide (prepared from 6.9 g. of sodium and 
138 ml. of absolute ethanol) is added slowly with stirring. The flask is 
stoppered tightly and kept in a freezing unit of a refrigerator at —10° 
for twelve hours. The mixture is poured into an evaporating dish which 
is kept in a vacuum desiccator over concentrated sulfuric acid until the 
alcohol has evaporated. (The alcohol may be removed rapidly with 
equally good results by gently heating the mixture on a steam bath under 
reduced pressure.) To the residue is added an equal volume of ice 
water, and the aqueous solution is extracted with ether, t While it is 
cooled in an ice bath, the aqueous solution is acidified to pH 5 with 
cold concentrated hydrochloric acid. (During the neutralization, ice 
is added directly to the aqueous solution.) The a-oximino ester, which 
precipitates as a yellow oil, is taken up in ether, and the aqueous solution 
is extracted several times with ether. The combined ether extracts are 
dried over Drierite, and the solvent is distilled, leaving 42.8 g. (83%) of 
ethyl a-oximinocaproate as a light yellow solid, m.p. 49-53°. Recrystal- 
lization from petroleum ether (b.p. 30-60°) yields 41.4 g. (80%) of a white 
product melting at 53-55°. 

By a similar procedure, diethyl benzylmalonate is converted into ethyl 
a-oximino-j3-phenylpropionate in 92% yield. 

* Purified commercial butyl nitrite gave quite impure ethyl a-oximinooaproate. 

t From the ether solution, after drying and removing the solvent, there was obtained 
9.4 g. ( 27 %) of diethyl carbonate. 
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TABULAR SURVEY 

The data in the tables cannot always be used to determine the superi- 
ority of a particular nitrosation procedure inasmuch as many prepara- 
tions were not carried out with a view to obtaining maximum yields. 
Experimental procedures have been indicated by the following notations. 

HNO 2 = sodium nitrite and mineral or acetic acid. 

N 2 O 3 = nitrous fumes evolved from a mixture of concentrated nitric 
acid and arsenic trioxide. 

NOCl = nitrosyl chloride. 

NO 2 SO 3 H = nitrosylsulfuric acid in concentrated sulfuric acid. 

C 4 HgONO, 85% H 2 SO 4 = n-butyl nitrite in 85% sulfuric acid. 

RONO, HCl = alkyl nitrite * and hydrogen chloride. (Differenti- 
ation between anhydrous hydrogen chloride and concentrated 
aqueous hydrogen chloride has not been made unless the two rea- 
gents were compared under similar conditions.) 

RONO, CH3COCI = alkyl nitrite * and acetyl chloride. 

RONO, MOR = alkyl nitrite * and an alkoxide. 

HOH = hydrolysis. 

Where more than one reference is given for a single entry, the yield 
reported is taken from the reference in italics. 

Although many examples of the reaction are not listed in abstract 
journals, it is hoped that practically all those recorded in the literature 
prior to the January, 1950, issue of Chemical Abstracts f have been 
detected. A number of more recent examples are also included in the 
tables. The compounds are in general listed in order of increasing size 
and complexity, particularly as regards the group which is nitrosated. 
Methyl ketones therefore precede other dialkyl ketones, which are in 
turn followed by alicyclic ketones and then aryl alkyl ketones. In each 
of the tables, examples of the nitrosation of methyl groups precede 
examples of the nitrosation of methylene and methinyl groups. 

* Amyl nitrite and isoamyl nitrite are both listed as C 5 H 11 ONO because commercial 
products may be mixtures of isomers. 

t For the convenience of the reader, Chemical AhslraOs references have been included 
for several foreign articles listed in this chapter. However, except for references 26, 235, 
237, and 248, the original papers have been consulted. 
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Table I. Ethtlenic Co^.poends Oxidized with Organic Peracids 

A. Hydrocarbons and Substituted Hydrocarbons • • ■ 

B. Steroids 

C. Acids 

D. Alcohols 

R Modes' and Ketones ^including Carbohydrate derivab^ . • 

G. Ethers 

H. Miscellaneous 


Addendum to Table i 


INTRODUCTION 


XXI X — — 

Oriranes («-epoxy compounds) and n-glycols ^ ^ moS 

means .. a — ^0=2 

I I 


— C=C— + IICO3H 


-c + RCO2H 


Hydrolysis 


+ RC02H 


OH OCOR 


OH OH 


•j e,rmr.lnvpd and/or the operating conditions, 
Depending upon the peraci P ^ ^ obtained in good yield, 
either an oxirane or an « hydrolyzed to the a-glycol.^ It is 

Ordinarily the oxlrane .sola^^^^^^^ epo.idation and 

important to note a nrp-anic peracids is the conversion of the 

hydroxylation reactions with org 

olefin to the oxirane. p„Qxidation and hydroxylation of compounds 
The literature on jgjjjc linkage is so extensive that no attempt 

containing an isolate e . systems in a comprehensive fashion, 

has been made to inc u ® a:,j 3 -unsaturated acids are found on 

However, occasiona co . j gpgxidation of one ethylenic linkage in 
pp. 385 and 388, P’’® 397 and a limited number of conjugated 

isoprene is described “ JJ' j^g are included in Table I. 

dienes and a,^-unsaturated ac , „ 

, j_ Am. Chem. Soc., G7. 412 (1945). 

1 Findley, Swern, and V Chem. Soc., 68, 1504 (1940). 

2 Swern, BUlen, and ' 'j_ Am. Chem. Soc., 66, 1925 (1944). 

’ Swern, Findley, and boa ’ J. Am. Chem. Soc., 67, 1786 (1945). 

* Swern. BiUen, 70 ' 1235 (1948). 

^ Swern. J. Am. Chem. Soc.. 



380 


ORGANIC REACTIONS 


SCOPE 


Epoxidation 

Perbenzoic Acid. The discovery that oxiranes can be prepared from 
ethylenic compounds by epoxidation with an organic peracid is generauy 
credited to the Russian chemist, Prileschajew,^® who showed tha 
perbenzoic acid is an efidcient oxidizing agent for the epoxidation o 
isolated double bonds. This reaction is excellent for preparative pur- 


+ O.H.CO,H ^ -C C- + C.H.CO.H 

solvents 

0 

poses. It proceeds under mild conditions, and it is generally conducted 
in a non-reactive organic solvent, such as chloroform, ether, benzene, 
acetone or dioxane. The reaction time is usually short, but it varies 
with the number and nature of the groups attached to the ethjdenic 
system.*'* As a rule the yields are high. 

Most investigators have preferred to prepare a solution of perbenzoic 
acid’’**"'® for epoxidation. However, since perbenzoic acid can be 
prepared conveniently by the oxidation of benzaldehj’’de with oxy- 
gen,’’*®"*® some investigators have treated solutions of benzaldehyde and 
the unsaturated compound with air or oxygen, the perbenzoic acid being 
consumed as it is formed. This application of the perbenzoic acid 
epoxidation technique, in w'hich separate preparation and isolation of 
the peracid is avoided, has been applied to the oxidation of meth5i 
oleate,” oleyl alcohol,” octenes,’* oleic acid,’’” stilbene,” styrene,” and 
squalene,” and good yields of oxiranes were generally obtained. When 

® Prileschajew, Ber., 42, 4811 (1909). 

’ Prileschajew, J. Russ. Phys. Chem. Soc., 42, 1387 (1910) [J. Chem. Soc. Abstr., 100, 1. 
255 (1910)1. 

8 Prileschajew, J. Russ. Phys. Chem. Soc., 43, 609 (1911) [C. A., 6, 348 (1912)]. 

9 Prileschajew, J. Russ. Phys. Chem. Soc., 44, 613 (1912) [C. A., G, 2407 (1912)1. 

Swern, J. Am. Chem. Soc., 69, 1692 (1947), 

“ Braun, Org. Syntheses, Coll. Vol. 1, 431, 2nd ed. (1941). 

“Hibbert and Burt, J. Am. Chem. Soc., 47, 2240 (1925). 

“ Kolthoff, Lee, and Mairs, J. Polymer Sci., 2, 199 (1947). 

“ Levy and Lagrave, Bull. soc. chim. France, (4] 37, 1597 (1925). 

“ Tiffeneau, Org. Syntheses, 8, 30 (1928). 

Jorissen and van der Beek, Rec. trav. chim., 45, 245 (1926). 

" Jorissen and van der Beek, Rec. true, chim., 46, 42 (1927). 

“Jorissen and van der Beek, Rec. trav. chim., 49, 138 (1930). 
van der Beek, Rec. Iran, chim., 47, 286 (1928). 

” S’wern and Findley, J. Am. Chem. Soc., 72, 4315 (1950). 

^ Pignlevsfai, J. Gen. Chem. (.U.S.S.R.). 4, 616 (1934) [C. A., 29, 2145 (1935)]. 

— Kaymond, J. chim. phya., 28, 480 (1931). 
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aliphatic aldehydes, such as acetaldehyde 
ployed instead of bensaldehyde. poor yields of 

^ Iposidatlon tvith perhenteic »d - "ind of 

tion. of oxiranes from an extremely a 

ethylenic compoimds (see TAle I). employed in 

MonoperphthaUc Acid. ^ acid; but this reagent, 

the preparation of oxiranes is as perbenzoic 

although efficient, has ^ advantages in most reactions. 

acid, primarily because it offers o y completion. 

When the epoxidation requires g rnlithalic acid compared to 

hcever, the greater stability o le-posidatiL tvith 

perbenzoic acid, is an advantage. chloroform solution and 

monoperphthalic acid are usua y readily separated from the 

the phthalic acid formed 26.27 ^as apparently the first to 

oxidation product. Although ponmimed by reaction with 

demonstrate that monoperphtha ic aci gj.g^ isolate 

the ethylenic linkage, Chakravorty ^gth this oxidising 

oxiranes by the oxidation of under the 

agent. Epoxidation ivith monoperp yields of oxiranes are 

same conditions as with perbenzoic aci ’ jg g ggan applied 

obtained. Epoxidation with as sterols and 

most extensively to naturally occurn converted to oxiranes 

polyenes. Ethylenic compounds^^^^^ _ 

by epoxidation with monoperp most conveniently 

Peracetic Acid. Since perace ic possible use as an epoxidizing 

prepared organic peracids, a ® however, it was assumed that 

agent was to be expected. For ^“**n^“aation of olefins with per- 

oxiranes could not be prepare , from such reactions were either 
acetic acid since the products iso successful epoxidation with 

a-glycols or their monoajtate^ Boeseken, Smit, and Gaster,^*-^® who 
peracetic acid was reports ^^..^.-fpor-ate from methyl linoleate, but 
obtained methyl 9,10,12,1 - major proportion of the product 

the yields were extremely constitution.’" In a systematic 

consisted of a polymer 0 un ® , compounds with peracetic acid in 

study of the reaction of unsat 

, U S pat. 2.567.930 [C. A.. 46, 3560 (1952)]. 

Findley and Swern. U. • -gg (1901). , 

« Baeyer and VUliger, Ber., > 64, 2317 (1942). 

“ Chakravorty and ^ 

“4Sre’a!rsS;kI.%.r. 70, m9 0937)^^. gg, 3„ 

“ Boeseken, Smit, and Gm (jgSO). 

“ Smit, Rec. trav. chim., 49, 

“ Swern, unpublished resul 
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acetic acid solution and in inert solvents, Arbusow and Michailow 
observed that hydroxy acetates were formed in acetic acid while goo 
yields of oxiranes were obtained in inert solvents. They concluded tha 
the behavior of peracetic acid toward olefins is the same as that of perben- 
zoic acid, but that when an acetic acid solution is employed the oxirane 
is converted to the hydroxy acetate by further reaction with acetic acid. 
The apparent necessity for employing peracetic acid in an inert solven 
to obtain good yields of oxiranes discouraged the general use of peracetic 
acid for epoxidation, because peracetic acid can be prepared and use 
most conveniently in acetic acid, whereas its isolation free (or sub- 
stantially free) of acetic acid is time-consuming and hazardous. 

Subsequently, however, in connection with a kinetic study of the 
reaction of peracetic acid in acetic acid solution with various long-chain 
olefins, suitable reaction conditions were determined for the efficient 
conversion of ethylenic compounds to oxiranes.^ To obtain good yields 
of oxiranes it is necessary to operate at moderate temperatures (20-25 
is preferred), to keep the reaction time as short as possible and to exclude 
strong acids, which catalyze the opening of the oxirane ring by acetic 
acid. The reaction was shown to be general and afforded a simple and 
convenient method for the preparation of oxirane compounds in quan- 
tity. Isolation of pure peracetic acid and employment of inert solvents 
were unnecessary. Yields of oxiranes, however, were usually lower than 
when perbenzoic or monoperphthalic acid was employed. In the per- 
acetic acid epoxidation of compounds containing both an ethylenic and 
an acetylenic linkage, it has been reported that only the double bond is 
attacked.^’’^* Acetylenic compounds react with peracetic acid, but the 
rates of reaction are only about one-thousandth as great as the rates of 
reaction of analogous ethylenic compounds. Three atoms of oxygen 
add, and the acetylenic linkage is cleaved. Oxirenes, — C=C — , are 

\ / 

0 

intermediates and have been isolated from some reactions 

Ethylenic compounds which have been converted to oxiranes by 
epoxidation ivith peracetic acid are listed in Table I. 

Percamphoric Acid. Percamphoric acid has been employed to convert 
pinene and cholesterol to the corresponding oxiranes.^^ 

Arbusow and Michailow, J. prakt. CAem., 127, 1 (1930). 

^ Arbusow and Michailow, J . prakt. CAem., 127, 92 (1930). 

Sologub, J. Gen. Chem. (.U.S.S.R.), 10, 150 (1940) [C. A., 34, 7286 

(ly^u^j. 

Sologub, J. Gen. Chem. (.U.S.S.R.), 11, 983 (1941) [C. A., 37, 355 

Schlubach and Franzen, Ann., 577 60 119521 
*5 Milas and Cliff, J. Am. Chem. See., 65, 352 (1933). 
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Performic Acid. Performic acid is generally considered not to be an 

epoxidation re jnt clt^mosToxirll^ 

butylene yields an employing only small quantities of 

although, the yield is low. By P , adding 

formic acid as been reported that methyl 

small amounts of sodium hydr , soybean oil can be 

oleate, octyl oleate, R^ntly, two steroids have been 

converted to oxiranes m fair yields. acid.^®'^® 

converted to oxiranes by epoxi ation wi jj reaction with 

The diisobutylenee “avesom-he. abnormally ^ 

both performic and peracetic , J u Jo n ketone a cyclic diether, 
products, unsaturaled alcohoK au aldehyde, a ketone, cy 

and high-boiling products.®®’'*®' 


Hydroxylation 

Peracettc Add. The use of peracedc acid 

a-glyools from unsaturated su „,u„„y prepared and 

organic peracids combined. peracid is preformed by the 

employed in either of two ways. ^ ^ 25-90% hydrogen 

reaction of acetic acid or ace ic yj^g^turated compound, or (2) 

peroxide and then mixe wi hydrogen peroxide and acetic 

the unsaturated compound IS mix , •ujgfQj.jned.^’''® Under suitable 

acid, and the peracetic acid is consum^^_^^^ yields; but in the 

conditions (p. 381) oxiranes j, carried out (long reaction 

manner that the reactions a „jirl/or in the presence of sulfuric 

times, and/or high p hv^roxy acetates formed by the reaction 

acid), the products isolate produced initially. The hydroxy 

of excess acetic acid iwt 

Byers and Hickinbottom, J. ^'^^1^^2.485,160 [C. A- 44, 734G U950)b 
^ Niederhauser and Koroly. • ‘ J. Am. Chem. Soc., i 

Djerassi, Mancera, Stork, a y. . 4 m. Chem. Soc., 73, 3540 (19..1). 

S’ Stork, Romo, Rosenkranr. a 284. 

Byers and Hickinbottom, ' jgg_ 341 (1940). 

« Byers and ^ j33j_ 

“ Hickinbottom, J- ' g 344 (1947). 

« Hickinbottom, jYalure, > .jgjo). 

« D-Ans and Frey. Ber.. 45, 1 
« D’Ans and Frey, jj3o (1915). 

« D’Ans and Kneip, ^ gg^ gg- (194G). 

<’ Greenspan, /. .dm. ^ 39,847 (1947). 

” Greenspan, Ind. Eng. 
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acetates are readily hydrolyzable to a-glycols in excellent yield/^^^ 
Although good jdelds of glycols rvere reported by some early 
gators, the operating conditions employed caused the loss of much active 
oxygen by decomposition. With sulfuric acid as the catalyst, modera e 
temperatures (40°), and short reaction periods, excellent ° 

a-glycols are obtained with stoichiometric quantities of 25-30% hy- 
drogen peroxide.^ Since the sulfuric acid catalyzes the formation o 
peracetic acid and the peracid is rapidly consumed at 40°, the reaction 
is complete in a few hours and little active oxygen is lost. This procedure 
is one of the most efficient for converting long-chain olefins to a-glyco s. 
Slightly higher yields of a-glj'cols are obtained when 90% hydrogen 
peroxide is employed.^® 

Ethylenic compounds which have been converted to a-glycols by 
oxidation with peracetic acid, either preformed or prepared and utilize 
in situ, are listed in Table I. Some of the unsaturated substances listed 
have been converted to hydroxy acetates rather than to a-glycols, but 
the conversion to glycols is effected so readily by hydrolysis that these 
substances have also been included. 

Performic Acid. An even more efficient and rapid hydroxylation 
technique consists in the reaction of unsaturated eompounds with 
performic acid.' Not only is performic acid formed rapidlj”^ when 25-90% 
hydrogen peroxide and formic acid are mixed,""”- but it also reacts 
rapidly and completely with the unsaturated linkage. By means of this 
hydroxylation reaction, conversion of an unsaturated compound to an 
a-glycol is accomplislied within a short time, and approximately stoichio- 
metric quantities of hj'drogen peroxide can be employed. The initial 
product of oxidation is not the a-glycol but the oxirane, which is rapidly 
converted in most cases to a hydroxy formate as a result of the high 
acidity of formic acid. Hydroxy formates are the products usually 
isolated and are readily converted to the a-gljmols by hydrolysis with 
dilute aqueous alkali or even by exposure to moist air or heating with 
water.' It is important to note that performic acid is preferably not pre- 
pared .separately, because it is unstable and loses oxygen rapidly,'®’ 
but it is prepared and utilized in silu* Somewhat more complete 
h% drox\ lation is obtained by employing 90% hydrogen peroxide instead 
of the 25-30*;^ concentration.'® 

Concentnited solutions of performic acid can be used in the hydroxyl- 


•' till ia.'ti. J. Sot,, 192G, 1S2S. 

*■ nriti J, ,Sor., 1327, 3100. 

nr. ! J. An. Chtn. Sot., 62. 2.^05 (IWO). 

„ X “'."i’ '"'1' ■ ■’’r' tto-io). 

w Tr Sor., M, 3054 (1942). 
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ation of a,| 3 -unsat.uratcd acids to of 

^vitldn a relatively short time - Ddute extremely 

either are ineffective in hydroxylation o ^ ^ active oxygen 

long reaction times are required dunng which loss of 

°Tc periormic acid oxidation of 

droxyl group on a carbon '‘‘'J™ cieavnge products in addition 

jdelds appreciable amounts of acid „rnHnets 

to about 50% of the expected hy roxy a compounds 

In the peracetic and perforrmc the double 

containing both an ethylenic and an acetylenic linkage y 

bond is attacked „ „l„cols bv oxidation with per- 
Ethylenic compounds converted to a-glycols Py 

formic acid are listed in Table I. „ „„_„i,nric Acid. These acids 

Perbenzoic, Monoperphthahe, or e P by hy- 

can be employed for the prepara ion general, there is no 

drolyzing the oxiranes which are orme ^ ^ prepare a-glycols 

advantage in employing the acid) are 

when two more-efficient Per^cids (P ^ ,vith unusually 

available for this purpose. ^ ted in which a-glycols or 

long reaction times, reactions obtained from oxidations 

their monobenzoates rather than oxiranes vere 

of olefins with perbenzoic acid^ converted to a-glycols or to 

Ethylenic compounds perbenzoic acid are listed m 

hydroxybenzoates by oxida i 

sieebochemistkv m.cha«^ 

^ Although the stnicture numerous" anVwied reaetiom 

is not known, it is eviden nucleophilic nature of an 

that they are electrophilic hydrogen atoms of its ethylenic 

olefin is increased by the rate of reaction with organic 

linkage with electron-releasing g > peracid reactions 

peracids increases consi era general acid catalysis,®*’ “ it has een 
investigated so far are ^ 

“ English and Gregory. J- Soc., 71, 282 (1949). 

Ross, Gebhart, and Soc., 19«. 248. 

.. E.™ F„.,o •- °r<v i M.). a. 07 'f ”, I ... 

“Malenok, J- Gen. CWm. v ». r 

Malenok and Sologn 

(1937)]. „ ^ 1949, S44. 

“ Raphael, /. Chem. Soc., ^571 (1949). 

«' Friess, J. Am. Chem. « 

“ Waters, J. Chem. Soc., 
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proposed that the attacking moiety in peracid oxidations is the electro- 

positively polarized (electrophilic) hydroxyl group [O.H] . ’ The 

reaction of an olefin, such as propylene, with a peracid may, therefore, 
be represented as follows d” 


a 

CH3-^-CH=CH2 + [O-.H]-* 

J+ 5- 


[CHa^-CH— CH 2 ] 
+ 

; 0 ; 

ii 


CHs— CH CH 2 + H+ 

\ / 

0 


This simple formulation, however, does not account for the striking 
stereospecificity of the reaction which precludes a free carbonium ion 
intermediate. A more reasonable alternative mechanism would involve 
essentially direct formation of the conjugate acid of the oxirane by 

donation of to the olefin by a peracid-general acid complex in a 

manner similar to that shown in the accompanying equation. The olefin- 


1 
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[O.H] part of the transition state of such a process would be similar to 

the so-called r-comp!e.\es.'^ This mechanism obviates any necessitj' for 

postulation of rapid and revereible [OlH]"^ formation from peracid and 

general acid (HA) followed by a slow attack of [0;H]+ on the double 

bond. It is also a more reasonable reaction path in the non-polar 
solvents often used as reaction media. 

.V. di, cit- _d c.irlier (pp. 380-38.5) the product isolated may be the 


«> Wri-cnb-jm nn,! Trvul., J. Ch^. Soc 74 non ^^=iO^ 

Ho!’.* nn.l Wntnrs. J. Chm. Soc.. 1949, 30G0.' ' 

... , Th- hUdronic Theory of Organic Chcmulry, Oxford University PrC-SS, 
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oxirane or the hydroxy acyloxy compound, depending on the expen- 
mental conditions, the peracid used, and the stability of 

The initial oxidation step in epoxidation and hydroxylation wit 
organic peracids is the same, and it has generally been 
reaction proceeds by cis addition to the double bond. ■ Recen y, 
unequivocal evidence was obtained to substantiate assumpUon It 
was sho^vn by x-ray diffraction and 
oleic acid and oleyl alcohol (both cts olefins) yield 
acid and czs-9,10-epoxyoctadecanol, respectively, on 
peracetic or perbenzoic acid, and the correspondmg irans elaid 

acid and elaidyl alcohol, yield <rarrs-9,10-epoxysteanc acid and li ans-9,10 

“'“oSThSf ^.-in the Prep.»«on o, 
eorrespondlng o»iranes, ie accompanied by inversion '^Jfl'er ‘he reaction 
is conductedln neutral, acidic, or alkaline media > The only except on 
to this generalisation apparently Is the opening of an oximne ™6 ^ 

terminal position of an aliphatic chain. In this case, if the ring-opening 
reagent attacks the terminal position, myersion cannot occur. 

reaction correlating the conSgurational relationships in the con- 

reaction senem ^ irans-9-octadecenoic acids, 

version of oleic and by way of the intermediate 

respectively) to 9, - i Y ^ 6 This scheme is self-consistent 

oxiranes has recently been publ inversions, double-bond 

and is in harmony w ac of experimental data available, 

addition reactions, and e » f general applicability to other 

This reaction sequence is ^^boubtedi^ 

olefins with obtained by epoxidation of an olefin 

It should be noted that ^ n jg identical with that obtained by 

Avith organic peracids ^ . x foPowed by dehydrohalogenation (in- 
hypohalogenation (irons adoi procedure two inversions have 

version occurs). In the lat er P result as no inversions, 

occurred; this gives the same ^^ssium permanganate, i-butyl 

Hydroxylation catalyst), or by photochemical 

hydroperoxide (osmium te 

“ Braun, J. Am. Chem. 3364 (1950). 

^ Witnauer and Swern, J- ^347 (1915). 

'^Abderhalden and Eich^«^ Soc.. 64, 1291 (1942). 

Sowden and Fischer, J- • gg (1928). 

’OBoeseken, Rec. trav. c5n«.. 47. 839 (1928). 

Boeseken and Cohen, * 

« King, J. Chem. Soc., 194 » 

Kuhn and Ebel, Ber., » 2342 (1937)* /ioqa^ 

’* Milas, J. Am. 'chem. Soc., 68, 1302 
« MUas and Sussman, j chem. Soc., 61, 1844 (1939). 

’= Milas, Sussman, and M 
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addition of hydrogen peroxide to the double bond proceeds by as 
addition. Cataljdic hydroxylation of olefins with hydrogen peroxi e 
and other inorganic catalysts, such as pertungstic acid, pervanadic aci , 
or selenium dioxide, however, proceeds by trans addition.^® 


SELECTION OF EXPERIMENTAL CONDITIONS 

Since the oxirane group is extremely reactive and undergoes nng 
opening with various types of compounds which contain active hydrogen 
atoms, it is obvious that conditions for epoxidation must be selected 
with care. It is of paramount importance to avoid high reaction temper- 
atures ^ and to exclude strongly acidic materials from the reaction 
mixtures ^ if high yields are to be obtained. In epoxidations with per- 
benzoic and monoperphthalic acids an inert solvent is employed; m 
epoxidations \vith peracetic acid, acetic acid may be used as the solvent, 
provided that strong acids are absent and reaction temperatures below 
about 30° are employed. 

With unsaturated substances containing isolated double bonds, such 
as 2-pentene, 2-butene, oleic acid, and oleyl alcohol, epoxidation is rapid 
and is usually complete within eight to twenty-four hours at room tem- 
perature or below. If electron-releasing groups are attached to or are in 
close proximity to the ethylenic linkage, as in 2-methylpropene, 2- 
methyl-2-butene, and tetramethylethylene, the reaction is considerably 
accelerated;'" if electron-attracting groups are attached to or are in 
close proximity to the ethylenic linkage, as in cinnamic, maleic, fumaric, 
crotonic, 2-pentenoic, and 2-hexenoic acids and their esters, the reaction 
is sloved dovm.*" The wide range of specific reaction rates in related 
groups of compounds is shovm most strikingly by comparing ethylene 
(fc X 10 = 0.19) with 2-methyl-2-butene (fc X 10® = ca. 1000), cyclo- 
butene {k X 10® = 21) ^^■ith 1-methylcyclopentene (fc X 10® = 2200), 
sorbic acid (fc X 10® = 0.04) with oleic acid (fc X 10® = 384), allyl- 
bcnzene (/:X10® = 2.0) with 1-phenyl-l-propene (fc X 10® = 46), 
1 4-d.hydronaphthalcne (fc X 10® = 37) with 1,2-dihydronaphthalene 
. ^ ‘^'°namic acid {k X 10® = 0.13) with cinnamyl 

alcohol {k X 10 - 203), l-phenyl-2-butene (k X 10® = 10) with 1- 
phenyl-l-bu^ne (/; x 10® = 80), eugenol (fc X 10® = 2.2) with iso- 

= 1-3) with isosafrole 

’orthermore, the specific reaction rate of tetra- 
nicthylctliylcne with peracetic acid at 2.5.8° is too high to be meas- 

^ Mila?, Kurj. nnd Aiuloiv. J. _ 

■> Murdsn and Voimc, J. Chm. Soc., mg 0955 ’ ^ 

^ S,vi'rn. Cli'—i. lirrs,, 45 , I (1049). * ' * 
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„red.‘»‘ Selected references describing kinetic studies are 2, 28, and 

derates of oridationstrite^^ 

=rti"aTs?-‘^ 

active oxygen, the reaction can be termmated at “ ^.^^her- 

thereby minimizing side elections an should be carried out 

more, the determinarion of ^rtechCea are employed 

in all peracid oxidations in win -i-lion of reaction products. In 

in the recovery of solvent and m e unconsumed peracid may 

reactions which proceed slowly, a arge a exvlosion if the peroxide 

he present in the distillation charge and cause an explosion ij 

is not destroyed. , pmnloved in the prepa- 

Although a wide range of condi ions undesirable because 

ration of «-glycols. temperatures above ^0 ^ ,,ere not 

significant loss of active gen, operated at high temper- 

concerned wth efficient use of pvppsses of hydrogen peroxide or 

atures and of necessity employe arg disadvan- 

peracid. Reaction temperatures below 5-10 

tageous since they ^ hyffioxyTation techniques, the methods 

To help m the selection of y efficiency and over-all 

just discussed are listed m decrea 

desirability from the laboratop^ s formic acid solution at 

1. Oxidation with 30% hydrogen P gthylenic linkage-^-** 

40°; 1.025-1.05 moles of hydroxylation of isolated double 

This method is admirably sui UvHroxsdation technique emplojung 

bonds and is probably the h«‘ W*™ 

organic peracids. neroride in acetic acid solution 

2. Oxidation tvith 30%, fuiraoid at dO"; 1.025-1.05 moles 

containing ““‘“‘5^“ '“““eaylenic linkage.^ 

of hydrogen perox.de P ,,, , a., so, ssM 

30B6eseken and Stuurman, rroc. 

(1936)]. t,aT. chim.. 66, 1034 (1937). 

Boeseken and Stuurroan, (1930). 

3= Bodendorf. Arch. Pham.-, 298. gp (j 925 ). 

“ssrn rnd j^s) ]c. x.. 44. 9307 (^r),. 

“ “ficc. 38, 450 (1935) [C. .4.. 29, 4657 (1935, ]. 

» VoSe"'’ od.. p. 413. SprinRor. Berlin. 1931- 

« Kolthotr and 64, 503 (1929). 

« Marks and Morrell. (1932). 

«>4Vl.eelcr. OU end Soap. 9. 
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3. The same as 1 and 2, but employing 90% hydrogen peroxide.^®’®* 
Although slightly more complete reaction is obtained ^vith 90% hydrogen 
peroxide, the hazards attendant upon its use make it less desirable for 
laboratorj' investigation.®^' By use of the more concentrated per- 
acids, however, ethylenic linkages adjacent to carboxyl groups can be 
hydroxylated readily.®® 

4. Prior preparation of performic or peracetic acids and employment 
of the peracids under conditions similar to 1, 2, and 3 above. 

5. Epoxidation with peracetic, perbenzoic, or monoperphthalic acid, 
followed by hydrolysis. The only virtue of this technique, probably, is 
that one can obtain either the oxirane or the a-glycol from a given un- 
saturated substance. 


Because of the instability of performic acid, there is usually little 
point in its separate preparation (method 4) . If it is prepared separately , 
however, it should be used immediately. Performic acid of 90% strength 
is highly explosive.®'“ In contrast to performic acid, peracetic acid is 
relatively stable and can be stored conveniently. In the absence of 
catalysts, concentrated solutions of peracetic acid are fairly stable at 
room temperature (15-25°); 87-95% solutions remain virtually un- 
changed on standing for about five weeks,^® the 50% solution shows no 
loss of pcracid after storage for two weeks,"'® and the 45% solution retains 
75% of the peracid after seven weeks."’ The 45% solution retains 94% 
of the peracid after seven weeks of storage if it is stabilized with sodium 
pyrophosphate"’ (other stabilizers have also been suggested).®®'®® Five 
to ten per cent solutions of peracetic acid in acetic acid, however, show 
•Mgnihcant losses of active oxygen at room temperature but little loss 

1 ‘ ^ can be prepared by efficient processes 

anr on j a sma 1 amount of active oxygen is lost or unavailable for oxida- 
1 c purpo, e.', t le separate preparation of the peracid is a time-consum- 
ing step m the hydroxylation reaction, and method 2 is more desirable, 
(■i-i'lly^availablc Peracetic acid have recently become commer- 

mnnj^X'ntThavc^^^^^^^^ P'-.'^P^'^^g organic peracids, and 

nnri nnnlip'iftnr, o • !• • theu preparation, isolatioii, 

'= il-llini:.., friHrann". CUm., 3B, 310 (IMG). 

»' S!.%ra«' .iri'i Greonrn,n ' Edmonds, Ind. Eng. Chern.. 38, 627 (1946). 

- W.inona.ofoGa3!mo, 

« V.noot-.-lmp Inda-.riMe mTm 7’ 

and Van Di'.- I.antii- Urit noi oo,. "';'°‘'''r’P''l t oorhepn Nourj’ and Van Dcr 

Holm U V “ f 

>• I! iCsto Co.. a ^ -34, .434 (C. A., 39, 89 (1045)]. 

'""'i Oa.'a Shret 1 (1947). 
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no* -ciently P— 

has recently been published on 3 solubility 

method and solvent selected will ep , ,_„„furated substance and the 
of the peraeid and on the structure 

oxidation products. Furthermo , separation of 

oxidation products in the solvent me present have an important 

the desired products from the other ^ Xsol^^^^ has been 

bearing on the selection of reaction co peracids as well as their 

reported to affect the rates of decomposition 

rates of reaction with unsaturate su s a (properties, methods 

For information regarding other orga P consulted, 

of preparation, special techniques, etc.) reference 

experimental procedures 

Caution. All Vreparations ofandre^io^^^^^ ^,,ceeds 

be conducted behind a safety shied, ppknown structure or one 

with uncontrollable violence. When an o e groups attached to or in 
that contains at least three or hydroaylated 

close proximity to the ethylenic i a ^ (preferably 

for the first time, the reaction s ou niade for efficient cooling. 

0.1 mole or less), and ®^®'r^rties of concentrated hydrogen 

Detailed information regarding the p P recently been published, 

peroxide 92.83.94,102-105 and organic pera distilled unless an analysis 

Peraeid oxidation mixtures jj.ation of active oxygen. When 

has indicated the absence or p , formic acids can be safely an 
the peraeid content is low, I reactions at or below room tem- 
completely distilled from 0^^°^ Peracids and other peroxides can 
perature by the use of low g®® addition of ferrous sulfate, sodium 
be conveniently destroyed by tg 

bisulfite, or other reducing age • ^ ^ ^ ^ ^ ^ 1934, 

Berezovskaya and Sentikh^ ' ^ 

1583, 1689 [C. A., 29, 6130 (1 chem.. 45, 108 (1941)- 

« Calderwood and L^ne, J ^1927). g ..ggg. 

i«« Lagrave Ann. ' a„d Serini, J. 92, lO pp. (1947) preprint. 

‘»i Meerwem. Ogait, Brang, Electrochem. *oc., 

Bretsohger and Shanley, 


102 

103 

104 

105 


Bretschger and Sharuey, 

McKee, Mech. Eng.,^ - ^^gj (1946). 
Mfedard, Compl- rend., gg2 (1949). 

Schumb. Ind. Eng. Chem.. 
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Analysis of Peracids 

Perbenzoic Acid. Perbenzoic acid in an organic solvent can be de- 
termined iodimetrically by shaking the solution with an aqueous acetic 
acid solution of potassium iodide. A known volume of the perbenzoic 
acid solution is pipetted into an iodine flask containing 50 ml. of 0.4 N 
acetic acid and 1 g. of potassium iodide, the mixture is shaken, and the 
liberated iodine is titrated with 0.05-0.1 N sodium thiosulfate solution, 
starch indicator being used. 

In following the course of the oxidation of water-insoluble substances 
which precipitate upon addition of the solution to the aqueous acetic 
acid, a sharper end point is obtained by adding the perbenzoic acid 
solution to 25 ml. of a chloroform-acetic acid solution (3:2 by volume). 
Two milliliters of saturated potassium iodide solution is added, and the 
mixture is allowed to stand for five minutes. Seventy-five milliliters of 
water is added, the solution is shaken, and the liberated iodine is titrated 
with 0.05-0.1 N sodium thiosulfate.^^ One milliliter of 0.1 N sodium 
thiosulfate is equivalent to 0.00690 g. of perbenzoic acid. 

Monoperphthalic Acid. Monoperphthalic acid can be determined by 
the same methods employed for perbenzoic acid. An alternative pro- 
cedure is to add 2 ml. of the solution to 30 ml. of 20% aqueous po- 
tassium iodide and titrate the liberated iodine after 10 minutes with 
0.05 iV sodium thiosulfate solution. One milliliter of 0.05 N sodium 
thiosulfate is equivalent to 0.00455 g. of monoperphthalic acid. 

• Acid. The peroxide components in the peracetic acid solu- 

tions esciibed below are determined on a single sample as follows; 

?’ ®°^^dion (accurately dispensed from a pipette or weighed) 

aqueous sulfuric acid which has been cooled 
to 0 . 1 lus solution is titrated rapidly with 0.1 N potassium perman- 

ganate to a pink end point. This detennines unreacted hydrogen 
0 * 0 ^ 0 ^ ^ potassium permanganate is equivalent to 
m- ‘ ^ 1 * ^ peroxide. The peracetic acid is determined by 

adding ^ mb of saturated aqueous potassium iodide to the same solution 
?n. ^ ^ sodium thiosulfate, starch indicator 

nrnnrTrntli LT ’ thiosulfate is equivalent to 0.00380 g. 

the steam bath 'for fi^ e'trien rnTn^t'^ heated on 

r.„ri 1 : 1 . ten minutes, causing a return of the blue 


color, and liberated iodine 


IS titrated with 0.1 N sodium thiosulfate. 


rjlm PeroxWo' content, I ml. of 0.1 

socimm thtosnlfatc .s oqn.vnlcnt In 0.00590 e. of dincctyl peroxide. It 

Bolrnie. Ora. Sirnt/Mrs, 20, 70 (1940) 
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has been reported that ceric sulfate is 

permanganate for determmatwn o resi_^^ oxidation 

In following the consumption o procedure de- 

of water-insoluble substances wit perac should be employed.®* 

scribed under the analysis of per , pgj-acetic acid alone, but 

This determines total active oxygen an intervals gives 

the difference between the titrations at succeeding 

a measure of peracetic acid consume . analysis of peracetic 

Perfonnic Acid. The procedures described 

acid are used. 

Preparation of Peracids , 

Mo «;ndium Methoxide Method). 
Perbenzoic Acid (Benzoyl n are probably the most 

Directions published in Orgamc perbenzoic acid. ne ^ 

satisfactory for preparing stab e j peroxide to react with 

this method consists in 'Ltion. (b) extracting the 

sodium methoxide in chloroform-meth ^g^^ifying ^^ith suffuric 

sodium perbenzoate solution wi . gj’j ^vith chloroform. , 

acid, and (d) extracting brined. Do not ^besi 

perbenzoic acid of about 85% ^ the original Organic y 

Veroxidefromhot chloroform, as sugge^ B^P^oyl T per! 

procedure, as this operation ^s bloroform ^oluhon of the 

purified safely by adding grade is commercially 

oxide at room temperature. solutions 

available.*- _ cities of P^^Xd procedure has been 

For preparation of larg Q ^ modified p 

which are to be stored for ddition of the chloro- 

recommended.** . 0° during the a . g,£ sodium 

(a) The mixture u, kePt the methMo! solut 

form solution of benzoy P highly exother . jg^ction flash, 

methoxide. Since this reac jg employed to co rate of about 

salt-ice freezing “X solution is added at a vigorously and 

the benzoyl peroxide i reaction flas fi,,e 

15-20 ml. f*\Xlhe addition. There £be 

continuously dunng t original proce 

minutes, as specified m „fnrm-methanol solution con- 

mixture ivith wat^T-ansferring the ehlor f of 

(b) Instead of transi^^^ ^ separately 
taining sodium perbenzo (i94S). 

- Anal. iRSG (1940). 


107 

lOS 


ling sodium perben 
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water containing chopped ice is added to the reaction mixture whic is 
rapidly swirled. The mixture is then transferred to the sepaiatory 
funnel, and 350 ml. of water containing chopped ice is added to t e 
rapidly swirled material. In this way, the formation of lumps whic 
dissolve slowly is prevented. 

(c) The emulsion that collects at the interface of the aqueous sodium 
perbenzoate phase and the chloroform phase is discarded. Only three 
to five minutes is allowed for separation of the phases. Likewise, 
emulsions formed during the washing of the aqueous layer are discarded. 

(d) The aqueous phase is washed with two 100-ml. portions of carbon 
tetrachloride, instead of chloroform. 

(e) After acidification, the aqueous solution is extracted with reagent- 
grade benzene rather than chloroform. At this point, the temperature 
of the solution should be above 5°, to prevent freezing of the benzene. 

(/) The benzene solution is washed with water, dried over anhydrous 
sodium sulfate (calcium chloride sometimes causes a sudden decom- 
position of the peracid and stored in the dark at about 10° until 
used. 

Crystalline perbenzoic acid can be obtained by removal of the solvent 
under vacuum, as described in Organic Syntheses , and purified by re- 
crystallization from chloroform-ethanol mixtures or from petroleum 
ether.'“ Perbenzoic acid melts at about 4 1° and is soluble in fhe common 
organic solvents, except cold petroleum ether. 

Perbenzoic Acid (Benzaldehyde-Air Method).* The air oxidation of 
benzaldehyde in acetone solution irradiated with ultraviolet light is a 
convenient method for the preparation of moderately large quantities of 
perbenzoic acid. 


In a 5-1. three-necked Pyrex flask equipped with a thermometer, a 
solid carbon dioxide-cooled reflux condenser, and two fritted glass disks 
reaching to the bottom of the flask, 520 g. (4.9 moles) of freshly distilled 
benzaldehyde is dissolved in 4 1. of acetone. The flask is immersed in 
an ice-water bath and irradiated from the top with three 125-watt 
Hanovia quartz rnercury-vapor lamps, symmetrically placed around the 
flask, while a rapid stream of dry air is passed through the fritted disks 
and into the solution for twenty-four hours at 5-10°. The reaction is 
con ucte m a ume hood because of the formation of ozone. If the 
reac ion canno be run vdthout interruption, the acetone solution can 
e s ore a wi ittle or no loss of perbenzoic acid. After about 

twenty-four hours, the rate of peracid formation decreases considerably 


Moan, Rec. trav. chim., 48, 332 (I929) 

»> Baeyer and VUliger, Ber., 33, 1569 (1900) 
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and the solution then contains about 2 moles of perbenzoic acid. The 

^^Monope^SaUc Acid. The procedure described 
ses.- consisting in the reaction of phthalic anhydride aMme 30% 
aqueous hydrogen peroxide, is satisfactory, and ^ves 65 70% ^ - 

It has been reported to be advantageous to employ 40 % sodium hy 
droxide solution and to add crushed ice directly to the ^ 

In this procedure, the peracid is extracted wxth ether but ^ 
a suitable solvent for the subsequent oxidation 

moved readily and replaced by dioxane or other solvent by a procedure 

“tic S- ttl-t three-necked flask equipped with a m. 
chanically driven glass stirrer, a 

is placed 2250 g. of acetic anhydride, which has ^ ^ ^ 

glass wool to remove particles which may ca ayz 

sition. The thermometer should be immersed The 

least one neck of the o fna^water bath into which cold or 

acetic anhydride is warmed to 35-40 necessary. By 

warm water can be run at will and hydrogen peroxide is 

means of the separatory the temperature being main- 

added in about one hour with agi exothermic soon after the 

tamed at 40°. The reaction e is required for 

addition of hydrogen complete to maintain the tem- 

three to four hours after the add The solution is allowed to 

perature at 40° (bath temperature concentration of peracetic 

stand overnight at room The yield is 60-90%. The 

acid is then about 0.8-1.2 M (. o unconverted hydrogen 

solution contains diacetyl P®™^’ acetic acid, 
peroxide in addition to perace i prepared by cautiously 

A concentrated solution of P®^^^^ a stirred solution of 10 g. of 

adding 9.1 g. of 90% hydrogen gulfuric acid contained in a 

acetic acid and 0.11 ml. of 22-23°. At the end of four hours, the 
flask immersed in a water bath a ^ maximum 

peracetic acid content of the 

of 46% within twelve to ^^^®®^_ , grlenmeyer flask, 25 g. of 25-30 ^ 

Performic Acid.^^’®''®' 4“ ^ 98-100% formic acid are mixed at room 

hydrogen peroxide and 250 g- o mildly exothermic (temperature 

temperature. Since the reacUo The maximum 

rise 1-2°), no cooling Qximately 5%) is obtained withm thirty 

content of performic acid (ap 

r Ora- ®’ 

Bachman and Cooper* 
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to sixty minutes, as determined by the analytical techniques already 
described. 

A concentrated solution of performic acid is prepared by cautiously 
adding 28.4 g. of 90% hydrogen peroxide to a stirred solution of 23.0 g- 
of 98-100% formic acid and 0.28 ml. of concentrated sulfuric acid 
contained in a flask immersed in a water bath at 22-23°.^’’ Maximum 
performic acid concentration (approximately 35%) is reached within 
thirty minutes. 

Performic acid solutions are unstable, and active oxygen is lost at a 
fairly rapid rate (several per cent per hour at room temperature); the 
solutions, therefore, should not be stored but should be used immedi- 
ately. 


Epoxidation with Perbenzoic Acid 

1,2-Epoxyethylbenzene (Styrene Oxide).i2.n3 To a solution of 42 g. 
(0.30 mole) of perbenzoic acid in 500 ml. of chloroform, prepared as 
described on p. 393, 30 g. (0.29 mole) of styrene is added. The solution 
is maintained at 0° for twenty-four hours, with frequent shaking during 
the first hour. At the end of twenty-four hours titration of an aliquot 
part of the solution shows that only the slight excess of perbenzoic acid 
remains. The benzoic acid is removed from the chloroform solution by 
shaking with several portions of 10% sodium hydroxide solution, the 
alkali is removed by washing with water, and the chloroform solution is 
rie over anhydrous sodium sulfate. Fractional distillation yields 
24-26 g. (69-75%) of 1,2-epoxyethylbenzene, b.p. 101°/40 mm., as an 
almost colorless liquid. 

CIS 9,10 Epoxystearic Acid.’’®’ To 750 ml. of an acetone solution of 
0.4 mole of perbenzoic acid, prepared as described on p. 394, 85 g. (0.3 
mo e) of oleic acid ’«■’». ue jg solution is allowed to 

stand for forty hours at room temperature and then cooled to -25° and 
ered, the precipitate is washed once with cold acetone. The crude 

ibniit^S6^(r (purity 95-99%) is a white powder weighing 

’-6-rn O’ f iT- ^®fy®*^^'*^ations from acetone at 0 to -25° yields 
Oxirano ^ uf ‘:'s-9,10-epoxystearic acid, m.p. 59.5-59.8°. 

62™. ' 5.33-5.37%. The yield is 

Vo. I. 49^ (1941). 

- Severn. ICnicht, .nd Findi.yrO.W f ® 

*15 Whccicr and HicmenscUneider. OU andV*' (1944). 

Sworn, Findley, Billon, and Scanlan Jt (1939). 

^’Canlan. Anal. Chan.. 19, 414 (1947). 
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l,2-Epo:qr-2-melhyM-butene (Isoprene 

dation of one ethylenic linkage m a conjug chloride 

solution of 16 g. (0.235 mole) of (o.217 mole) of perbenzoic 

cooled in an ice bath a cold solution ■ ^ jjj,opping funnel. The 

acid in 150 ml. of ethyl chloride is a e n^otected from moisture 

contents of the flask and dropping unne has been added, 

b, drying tubes. After the Pf'™' until the osidizing 

the reaction flask is allowed to Stan lately twenty-four hours). 

agent is completely consumed (^PP^° double the calculated 

The solution is then shaken cautious y 

quantity of sodium bicarbonate so u carbon dioxide ceases, 

a cooled separatory funnel unti ^ pthvl chloride solution is dried 
The aqueous layer is discarded, an e sulfate. The solution 

overnight in a refrigerator with an y r ^ Widmer column until 

is filtered, and the filtrate is ^ rpj^g residual material is then 
unreacted isoprene begins to is ^ ' .par-j of l,2-epoxy-2-methyl-3- 
fractionated twice and yields g- 
butene (isoprene monoxide). 

o' lo 

P- and .-Cholesteryl Oxide AceWte'. ^ ,„„,ed 

mole) of cholesteryl acetate. m.p. IW “ 'g 4 (0,046 mole) of mouo- 

with 266 ml. of an ether solution hours, and the solvent 

perphthalic acid. The solution is re gduced 

is removed by distillation of 'chloroform wtob has ^^een 
and digested with nn imxture is fmm 

anhydrous Pot^ssium °ar colorless 

6.7 g. of phthahc acid (8^ ^gduced pres ■ 

which the solvent is r jjjethanol, giving ‘ gives the pure 

crystallized from 30 mb f ”ntration of the filtrate 

cholesteryl oxide acetate, w ^ CoiJ'^^^fgtote. The a-isomer, 

product, m.p. ’ j. ^.cholesterjd oxide ioi-103“, la]i^ - 

gives 1.55 g. (15% yield) ethanol, has a -P 

nnrifiofl Vtxr fvrv.oit.allization 


gives 1.55 g. (15% yield) ° ethanol, 

purified by crystallization 

« .,K Hydrogen Paroxldc-Acetio Acid 

Hydroxylation vntn ^ T^elting Isomer)/ A wcll-stirred 
, .„„vic Acid (Sign' , a ef elaidic acid (containing 

9,10-Dihydroxystea^ A 810 ml. of glacial acetic 

solution consisting saturated acids;, 

94% of elaidic acid and b/o 

. j 1 Rrr.. 66, 

Pummerer and ReindeT, 
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acid, and 20 g. of concentrated sulfuric acid is heated to 40°, and 123 g. 
of 25.5% hydrogen peroxide (0.925 mole) is added dropwise over a 
period of fifteen minutes. The reaction is only slightly exothermic, 
granular precipitate begins to form after about thirty minutes an 
increases in bulk as the oxidation proceeds. The total reaction time at 
40° is five hours. The reaction mixture is then poured into severa 
volumes of hot water ( 95 - 100 °) and stirred well for several minutes. 
The mixture is cooled to room temperature and filtered, and the pre- 
cipitate is washed well with cold water. The product, which weighs 
about 300 g. and consists of a mixture of 9 , 10 -dihydroxystearic acid and 
hydroxyacetoxystearic acids, is heated at 100 ° for one hour mth an 
excess oi 2 N sodium hydroxide and then poured into excess hydro- 
chloric acid, with stirring. The granular precipitate is filtered and 
washed free of acid. It weighs about 280 g. (93%) and consists of some- 
what impure 9,10-dihydroxystearic acid, m.p. 125—128°. Crystalli- 
zation from 95% ethanol (7 ml./g.) at 0-5° yields 220 g. (78%) of pure 
9,10-dihydroxystearic acid as glistening plates, m.p. 130-131°. 


Hydroxylation with Hydrogen Peroxide-Formic Acid 

9,10-Dihydroxystearic Acid (Low-Melting Isomer).^ To a well- 
stirred solution of 141 g. (0.5 mole) of oleic acid in 423 ml. of 

98-100% formic acid in a 1-1. three-necked flask at 25° is added during 
a fifteen-minute period 59 g. of 30% (100 volume) hydrogen peroxide 
SO ution Q7.0 g., 0.513 mole; 2.5% excess of hydrogen peroxide). The 
reaction becomes vigorously exothermic after five to ten minutes and 
the “u^ure becomes homogeneous in twenty to thirty minutes after all 
.ifw ^ been added. The temperature is kept at 

, ^ ^ -water bath at the start and a warm-ivater bath toward 

e en o t e reaction. After about two hours no further consump- 
lon o peroxi e is obser\^ed, and the formic acid is removed by distilla- 
tion under reduced pressure (b.p. 507125 mm.) in a stream of carbon 
which Prevent bumping. The residue in the flask, 
nt 100° v-ith ° ^°^yformoxystearic acids, is heated for one hour 
i-vnic I'olln • of 3 JV aqueous sodium hydroxide, and the hot. 

Lid with'Ithring^^The 3 hydrochloric 

the nniicnnc Inver 5 a’ ’ '“*oh Separates, is allowed to solidify, and 

stiS 7r"7-- 

Mater on a steam bath and stiiTpri xT.rtn *. « i i j 

water-soluble acids. ^^Ten the ^fh ' i 

is discarded, and the solid i broken ' aqueous layer 

This product consists of fairly p.^e ^ 



epoxidation of ethylenic compounds 3=9 

number about 2^, -utraliaatiou equivalent 315-3^ 

150-165 g. (97-99%). and melts at ab^t 92 _ smM 
unsaturated material present can ^ s P portions of petro- 

material and washing it by decanta ion i r^q_7o°). 9 lO-Dihydroxy- 
leum naphtha (hexane fraction, boi mg range crude 

stearic acid, m.p. 93° order to obtain an analytical^ 

product with a loss of about 6%. recrystallized from 95% 

pure product, the dihydroxysteari -^1 rn n 95° io 80% overall 

ethanol, yielding 9,10-dihydroxystearic acid, m.p. . 

^ If purified oleic acid is not 9,10-di- 

taining about 60-75% oleic acid) may . , rnelts at about 70-75° 

hydroxystearic acid obtained from is several recrystalli- 

(compared to 92° when pure oleic acid The 

zations from 95% ethanol are require about 50-60% of the 

yield of 9,10-dihydroxystearic acid trom ^cjd jg 

available oleic acid. Furthermore, ^ . Ug^erogeneous throughout, 
satisfactory, but the reaction mix ure ^ ^ 25-30% hydrogen 

In preparations one-tenth the In larger preparations the 

peroxide can be added in orie ^ hour. In preparations ve 
addition may require thirty mnutes ^^^g^ient to pour the reaction 
to ten times the size described, 1 is m hydrolyze the was e 

mixture into a large volume of wate r^nd 

oily layer of hydroxyformates as instead of the 30% grade. 

When 90% hydrogen ^ incline number of 1, mstea 

the crude dihydroxystearic aci the quantity of formic aci can 

2-4. With the concentrated peroxide, the ^ 25-30% 

reduced to about one-seventh the 

hydrogen peroxide. wpil-stirred mixture of 49. S- ( • 

1,2-Tetradecanediol.^ o ^ „2,t) 1-4357 (pr®P^^®j 

f 1-tetradecene, b.p. 1 , commercial g -jp ("0 263 

cient fraolional 35 of 23.3% hcalccl>nd 


of 


dent fractional distiiiau^- ^ 25.6% hyaro^^- i^r „nd 

of 98-100% formic acid at ® • f/',rti„„. The "if ”%'!,)!“ t indi- 
molo, 5% excess) is addrfj oae P “ ““S- The 

stirred for aboot ^ quantity of peroxide ^ 

onf.PQ f.hpf. t.lie fhrOUE^^OUt* , 


;t„ 7 t twenty-four houm - — , 3 , ^.3 disappeared. ^ 
the theoretical 9“*"‘ |„„Sghout. The formic acid is 1 
reaction mixture is and the 3 «tilla«on r«d«ys redm 

has solidified, the water laser 
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\Yith hot %yater and allowed to resolidify. The combined water washes 
are extracted with ether to remove a small quantity of dissolved glycol, 
and the residue obtained after evaporation of the ether is combined noth 
the main portion of glycol. The crude glycol is broken up into small 
pieces and air dried, yielding about 55 g. (95%) of fairly pure 1,2-tetra- 
decanediol, m.p. about 65°; iodine number about 4. This is recrystal- 
lized from methanol (8 ml./g.) at 0°, yielding about 40 g. (69%) of pure 
product, m.p. 68-68.5°. 

/rans-l,2-Cyclohexanediol.“ To a mixture of 105 g. of 98-100% 
formic acid and 13 g. (0.115 mole) of 30% hydrogen peroxide, 8.0 g. 
(0.097 mole) of cyclohexene is added. The immiscible layers are shaken 
together briefly; spontaneous heating occurs, and the suspension be- 
comes homogeneous at 65-70°, where it is held for two hours on the 
steam bath. Most of the formic acid is removed bj”^ distillation, and the 
residue is heated on the steam bath for forty-five minutes vdth 50 ml. of 
20% sodium hydroxide. After cooling, the yellow solution is neutralized 
with hydrochloric acid and evaporated to drjmess under vacuum. The 
resulting solid is distilled, yielding 10.25 g. of a fraction, b.p. 128-132°/15 
rnm., which solidifies immediately. Recrystallization from acetone 
ghes 7.9 g. (70%) of frans-l,2-cyclohexanediol, m.p. 102-103°. -A- 
larger scale oxidation of cj'clohexene is described in Organic Syniheses.^^^ 


Hydroxylation with Performic Acid 

2,3-Dihydroxpionanoic Acid.« Twenty grams (0.13 mole) of 2- 
nonenoic acid is added slowly to a well-stirred solution of performic 
acid prepared by the reaction of 69 g. of 98-100% formic acid, 19 g. 
(O.o mole) of 90% hydrogen pero.xide, and 0.50 g. of concentrated sul- 
furic acid. The emulsified mixture is heated to 55-60° to start the 
reac ion an >s t len held at this temperature for two hours while stirring 
i» continued. Ihe temperature is then allowed to rise to 95° until the 
Kreelv (twenty-five minutes) and the excess peracid 

distillation, and the're" Wue^ k’"! removed by vacuum 

half hour with 17.5 m\^ oi 10^ ^ 

with hydrochloric acid' the oiR nror^'t acidification 

extmet i= dried over anhydrous. odf'" Ir extracted with ether and the 
Yields a waxv solid which is .usntTK ^''‘''P°''ation of the ether 

2.3-<lihy.iro.vvnonanoic acid'as xG, in benzene and filtered, yielding 

of the filtrate followed by addition ‘Concentration 

> .luauion of hgroin gives two additional crops, 
c* Uo.’«ck a:ri .\,ikir,.. o.-y. js, 35 (lOtS) 
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tie total yield o£ product being 12.4 g. (51%). On crystafflaation from 
ethyl acetate or water, pure 2 , 3 -dihydro)gmonanoio acid, m.p. 
118.5°, is obtained. 

TABLE OF ETHYLEHIC COMPOUBDS OHDEKD WITH ORGANIC 

peracids 

The following table lists the ethylenic M 

epoxidized or hydroxylated with organic pera • ^o+Uy^ed hydro- 

il the folloimng sections: A, HydrocaAons E, 

carbons; B, Steroids (alphabetical orde), ’ ,,L^gN. G, Ethers; 
Esters; F, Aldehydes and ketones (including carbohydrate 1 , 

H, Miscellaneous. pnnsulted to 

In the preparation of the table the tora^e 
October 1951. The addendum to Table i reported from 

epoaidation or hydroaylatlon with organic peracids was report 

October 1, 1951, to October 1, 1952. 



TABLE I 

Ethylenic Compounds Oxidized with Ouganic Pbkacids 
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TABLE I— Continued 

Ethylenic Compounds Oxidized with Oroanic Pbracids 
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TABLE I — Continued 

Ethylbnic Compounds Oxidized with Organic Pbracids 
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TABLE l—Conlinued 

Ethvlenic Compounds Oxidized with Oiioanic Pehacids 
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table I — Continued 

Ethylbnic Compounds Oxidized with Organic Pbeacids 
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C,2H,! l,2.Bis(benzyl-9-Quorenyl)ethylene M (253) 257) 

(CsIWn Rubber ^ ’ 


table I — Continued 

UNDS Oxidized with Organic Peracids 
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TABLE I— Continued 

lUNDS Oxidized avitii Oroanic Peuacids 
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TABLE I — Continued 

UNDS Oxidized with Organic Peracids 
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't'Allf.K l—Conliniiril 

Knivi.i'.Mi; CoMroUNK-^ ()xri)i/i;i) with Ohoamc Pkuacids 


ORGANIC REACTIONS 
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r.i’OXiDATiox or 


KTUVI.KNK" 


COMrOONO!’ 





table I— Continued 

Compounds Oxidized with Organic Pbracids 
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Butyl Carbitol esters of unsaturated 

fatty acids 73 (1,427) 36(52,361,362, 

Castor oil I 1 369, 428) 




* Oxirane formed. 


table 1— Continued 

EtHYLENIC COMPOtTNDS OXIDIZED WI TH ORGANIC PeRA^ 
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l^.N-Dibulylamides of unsaturatod 
fatty acids 
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Addendum to Table I 

The compounds appearing in this addendum aro lUted alphabetically in sections which correspond 
to those in Table I. 


Compound 


Product Yield Reference 


A. J/ydrocarbon* end Subslitutfd 7/ycfrocflrbons 


Glycol 

Glycol 

Glycol 

Aldehyde (via the 
oxtrane) 




30-Acetoxy-7,8-epoxy-9 (1 1) ,22-ergo- 
stadiene dlbromide 
3i3-Acetoxy-7,9(ll),20-ergostatriene 
30-Acetoxy-7,9,22-ergo3tatriene 
16,20(22)-AUofurostadiene-3j9,2C-di- 
ol diacetate 

Allopregnane-l 1 ,20-dienol acetate 
8(14)-Androsten-3^,170-diol diace- 
tate 

9-Androsten-3a-ol-17-one 

30-Benzoxy-7,9(ll)-cholestadiene 

3^-Benzoxy-7-cholestene 

2-Cholesten-6-one 

3^,17/3-Diacetoxy-7,9(n)-andro- 

stadiene 

22,23-Dibromo-30-acetoxy- 
7,9(11) -ergostadiene 
7,9(ll),22-Ergoatatrien-3/3-ol acetate 
9-Etiooholen-3a-ol-17-one 
Methyl 3a-acetoxy-7,9-choladienate 

Methyl 3a-hydroxy-9 (1 l)-cholenate 
50-Methyl-3p-methoxy-19-nor- 

coprost-9 (10) -en-6-one 

5/5-Methyl-19-norcoprost-9(10>-en- 

3^,6j3-diol diacetate 
9(11), 17 (20) -Pregnadiene- 
3a,ll,20-triol triacetate 
9(ll)-Tigogemn acetate 


Perbenzoic 

Monoperphthalic 

Monoperphtbalic 

Perbenzoic 

Monoperphthalic 

Perbenzoic 

Monoperphthalic 

Monoperphthalic 

Perbenzoic 

Monoperphthalic 


Perbenzoic 

Perbenzoic 

Monoperphthalic 

Perbenzoic 

Peracetic 


Perbenzoic 

Perbenzoic 



ctV9-Hendecenoic 

<rans-9-Hendecenoic 


Performic 

Performio 




EPOXIDATION OF ETHYLENIC COMPOUNDS 
Addendum to Table I — Continued 
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Compound 


Peracid 


Product 


Yield 


Reference 


a-Amyrin acetate 
a-Amyrin benzoate 
c;s-2-Buten-l,4-diol diacetate 
fran3-2-Buten-l,4-diol diacetate 

Methyl acetyleburicoate 
Methyl morolate acetate 
Methyl morolate benzoate 
Moradiol diacetate 
a-Noramyrenonyl acetate 
Peach oil 
Zeorinin acetate 
Zeorinin benzoate 


Eaters 


Peracetic 

Peracetic 

Peracetic 

Peracetic, performic 

Perbenzoic 

Perbenzoic, peracetic 

Peracetic 

Peracetic 

Perbenzoic 

Peracetic 

Peracetic 

Peracetic 



Butyl p-(2-methylaUoxy)benzoate 
m-Carbobutoxyphenyl 2-methallyl 
ether 

4-Chloro-3“methylphenyl 2-methallyl 
ether 

P-Chlorophenyl 2-methallyl ether 

3.5- Dimethylphenyl 2-methalIyl ether 
2-Methallyl m-nitrophenyl ether 
2-Methallyl phenyl ether 
2-Melhallyl m-tolyl ether 
2-Methallyl f>-tolyl ether 
2-Methallyl p-tolyl ether 

5.6- Dihydro-2-pyran 


2-Methallyl chloride 


Peracetic 

Peracetic 

Glycol 

Glycol 

Peracetic 

Glycol 

Peracetic 

Peracetic, performic 
Peracetic 

Peracetic 

Peracetic, performic 
Peracetic 

Peracetic 

Performic 

Performic 

Glycol + oxirane 
Glycol 

Glycol 

Glycol + oxirane 
Glycol 

Glycol + oxirane 
Glycol + oxirane 
Glycol 

Oxirane 
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